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1.0 EXECUTIVE SUMMARY
*

Versar Inc. has completed a review of available documents submitted
for Zone of Contamination 1 located in Souderton, Pennsylvania. Three

potentially responsible parties (PRPs) have been identified within this

zone: Granite Knitting Mills, Inc., Gentle Cleaners, Inc., and Parkside
Apartments. This report evaluates the completeness and adequacy of

information gathered with respect to the criteria in EPA remedial
investigation/feasibility study (RI/FS) guidance documents, the National
Contingency Plan (NCP), and quality assurance/quality control standards

(e.g., National Data Validation Standards and the Contract Laboratory
Program). The scope of this work assignment did not stipulate that
Versar identify or investigate other facilities in the zone which have

not been identified as PRPs, but may have contributed to the
contamination. Identification of additional PRPs in the future could

prompt generation of new information requiring Versar's evaluation within

the scope of this work assignment. The results of this study were
developed from evaluating only data and information made available to
Versar from the sources listed below.

Contamination was first discovered within Zone of Contamination 1 by

the North Penn Water Authority (NPWA) in 1979. Volatile organic
compounds were discovered in 2 local water supply wells and in two

private wells. The contaminants included perchloroethylene,

1,1,1-trichloroethane, trichloroethylene, 1,1-dichloroethane,
1,1-dichloroethylene, and cis/trans-1, 2-dichloroethylene (Reference 10).

To date, no RI/FS has been performed for Zone of Contamination 1 or
for any of the individual PRPs within the zone. The information
available for the three PRPs was obtained from the North Penn Water
Authority (NPWA), EPA Region III, NUS Corporation, and from the site
visit performed by Versar on May 8, 1987, and includes site discovery and
hazard ranking reports, as well as data submitted by the PRPs and
background reference material. Findings from the review of this
information are presented in Sections 4.0 and 5.0 of this report.

-1-
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Recommendations for further studies and a characterization of the PRPs'

relationships to the contamination are found in Section 6.0.

Overall, the review team found the information available about the

zone to be sketchy and incomplete when compared with the RI/FS
guidelines, particularly since no RI/FS was ever performed for Zone of

Contamination 1. The data available is inadequate to support any

remedial investigation or remedial action, beyond temporary remedial
measures. The majority of the information reviewed was for Granite
Knitting Mills. Virtually no information is available about the
chemicals and wastes handled and the current or past methods of disposal
at the Parkside Apartments property. Only a small amount of information

is available for Gentle Cleaners, Inc. The existing information about
the site is specifically lacking in the following areas:

• Local subsurface conditions, including both aquifer parameters
and quality of ground water, have not been clearly defined.
Additional data on ground-water qual_ty needs to be made
available for review.

• Necessary background information on site operations and
physical conditions within and around the zone, including
demogri..̂ - ics, land use, and meteorological information, is
incomplete.

• Information about the types, forms, and means of handling
wastes must be obtained before a feasibility study is performed.
In particular, information about waste handling processes at the
Gentle Cleaners facility should be made available for review.

• Basic information on flow characteristics and quality of air
and surface water is not available.

• The potential for contaminants to travel by pathways other than
ground water, such as by surface water routes, has not been
determined.

At this point, it is difficult to associate any single PRP as a
source of the contamination plume defined by NUS. Some information leads
to Gentle Cleaners as a source, but a lack of detail prohibits any
definite conclusions from being made. It is possible that all three PRPs

-2-
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may be contributors to the plume, but the extent and time frame of their
contributions may vary widely. Further study of the area is essential to

locate other potential PRPs as well as to define the means and paths of
contamination.

-3-
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2.0 INTRODUCTION

The North Penn area of Pennsylvania, located primarily in central

Montgomery County, includes a 220-square mile region where volatile
organic compounds have contaminated ground water and drinking water
supply wells. The contamination was first discovered by the North Penn
Water Authority (NPWA) in 1979. To date, 12 zones of contamination have
been defined in the North Penn area. Six of these zones have been
proposed for inclusion on the National Priorities List (NPL). This

report concerns the northernmost of these six zones, Zone of
Contamination 1, in Souderton, Pennsylvania. The potentially responsible
parties (PRPs) identified for Zone 1 include Gentle Cleaners, Inc.,

Granite Knitting Mills-, Inc., and Parkside Apartments.

In mid-March 1987, the CDM Federal Programs Corporation/Versar team
received work assignment number 332 from U.S. EPA under the TES III contract
to perform & review and evaluation of existing data from Zone of

Ci ntamination 1. These data were evaluated against recommended guidelines

and needs developed from EPA guidance documents (Reference 13, 14) and the
National Contingency Plan (NCP). Copies of the existing data and other
references are included in the reference section of this report. Not all
references are cited in this document, but are included for completeness of
information. A visual site inspection of the facilities in this zone was
performed on May 8, 1987, to obtain additional background information. This
report details the findings of Versar's evaluation, and is included in
Appendix B.

In addition to the RI/FS data overview, EPA asked Versar to
summarize existing data and information, and independently acquire

additional information through follow-up of sources when possible,
regarding hydrogeologic characterization of the North Penn area and each

of the six zones proposed on the NPL. The hydrogeologic study of the
North Penn area is presented as Appendix A of this report. Any
hydrogeologic information specific for Zone of Contamination 1 is
presented and discussed in Section 2.4 of this report.

-4-
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2,1 History of Zone of Contamination 1

In 1979, NPWA detected tetrachloroethylene (PCE) in one of their
production wells, well S-9, in Souderton, Pennsylvania. Service of this
well was discontinued at that time. Subsequent ground-water sampling has
resulted in the detection of various volatile compounds including PCE,

1,1,1-trichloroethane (1,1,1-TCEA), trichloroethylene (TCE),
1,1-dichloroethane (1,1-DCA), 1,1-dichloroethylene (1,1-DCE) and
cis/trans-1,2-dichloroethylene (c/t-l,2-DCE) in two private wells and an
additional NPWA well (well S-10). The most significant degree of
contamination was detected in a private well located on the Granite
Knitting Mills property (see Figure 1). Levels of 1,1,1-TCEA at 249.5
ppb (Refereiice 10) and- PCE at 61 ppb (Reference 9) have been detected.
Levels of 1,1,1-TCEA exceed the EPA proposed maximum contaminant level of
200 ppb, and levels of PCE exceed EPA recommended standards of 10 ppb
(Reference 9). See Table 1 for a listing of sampling results. Well
locations are shown in Figure 5. On January 22, 1987, Zone of

Contamination 1 was listed by EPA as a proposed addition to the NPL.
According to NPWA, PRPs for this contamination include Gentle Cleaners,
Inc., Granite Knitting Mills, Inc., and Parkside Apartments (Reference

9). Gentle Cleaners and Granite Knitting Mills have a history of using
PCE and/or other chlorinated hydrocarbons as solvents or cleaners.
Parkside Apartments has no history of use of these compounds, however,
the site previously housed a dry cleaning establishment that may have
contributed to the contamination of ground water in the area (Reference
9).

All three PRPs are located in the town of Souderton, Montgomery

County, Pennsylvania. Approximate locations of the PRPs and the NPWA
wells are shown in Figure 3. The area of concern has a large urban
population, and also has a large number of industrial businesses that may
have used or may currently be using chlorinated solvents in their
processes. Water in this area is supplied by both the NPWA and private
wells.

-5-
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1 I
160 Main St.

I I
GENTLE CLEANERS

23 Green St. /r̂
Granite Kaittin? Mill Well

GRANITE KNITTING MILLS

Q

Comer of Mil* i Walnut Sts.

WILE AVENUE

NPWA Well S-9

112 H. Cheitnut StPARKSIDE APARTMENTS

Soud Borough Well

HUNSBERGER

NPWA Well S-10

FIGURE 2
APPROXIMATE SAMPLING LOCATIONS FOR THE NUS AUGUST 28, 1986,

SAMPLING EVENT, SOUDERTON, PENNSYLVANIA SCALE 1" = 300'
(ADAPTED FROM NPWA SOUDERTON BOROUGH DISTRIBUTION

MAP, REVISED DECEMBER 22, 1983) .7.
(Reference 10) 200010
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Gentle Cleaners, Inc. is located at 162 North Main Street in
Souderton at a topographic high within Zone 1. The facility is situated
just south of the intersection of Main and Green Streets, approximately
1,400 feet north of NPWA well S-9. The company used approximately 75-100
gallons of PCE per month in its dry cleaning operations from 1953 to
1983. In 1983, a new dry cleaning machine was purchased and PCE use was
reduced to approximately 50 gallons per month (Reference 10) .

PCE has been stored onsite in either a storage tank or drums. At
one time, an underground storage tank may have been used (Appendix C) .
The presence of this storage tank could not be confirmed by NPWA
(Reference 1) or by Versar. The exact storage practices currently
employed at the site are unknown. Waste PCE is contained within the dry
cleaning machine in filters, which are removed periodically by Safety

Kleen Corporation, Elgin, Illinois (Reference 10). The cleaners also use
spotting mixtures which contain varying amounts of solvents, brighteners ,
and detergents. The solvents include 1, 1,1-TCEA, various petroleum

distillates, and other chlorinated solvents of unknown composition. The
spotting chemicals are used in quantities of less than 1 gallon
(Reference 18) .

It is not known how many years before 1953 that Gentle Cleaners

operated at this site. They have held their current lease since July

1985. No other information is available on the history or current
practices of the Gentle Cleaners facility.

Granite Knitting Mills, Inc. owns property downgradient and
approximately 200 feet southwest of Gentle Cleaners, along Green Street

(see Figure 3). The facility operated as a knitting mill beginning in at
least the early 1960s. In 1969, control of the mill was taken over by a
local bank. In early 1976, the bank relinquished control of the facility

and Mr. Lake Clemmer became the major stock holder and president of
Granite Knitting Mills, Inc. With the exception of the years in which
the bank had control of this property, the Clemmer family has been

involved in the company throughout most of its history (Appendix C) .

-9-
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In 1967, a dry cleaning machine was installed at the facility for
use in the cleaning of yarns processed by the mill. PCE was used in this

process. In 1979, the machine was removed. Use of this machine ceased
some time prior to removal (Appendix C). The PCE was recycled in the dry
cleaning machine, while waste residues and oils were drummed and stored
on the southwest side of the building. The waste drums were collected by
Towamencin Township road crews for spraying on local roadways, or by an
unknown waste disposal firm (Reference 10). These wastes were estimated
to contain approximately 2 percent PCE (Appendix C). Approximate
locations of the tank storage area and the drum storage area are given in

Figure 1.

Currently, Granite Knitting Mills leases its warehouse to Standard

Terry Mills, Inc., a company owned by Mr. Clemmer since 1953. Standard
Terry Mills operates a weaving business at this facility. PCE is no
longer used at the site (Appendix C). Small quantities of Zep Safety

Solvent, which contains 1,1,1-TCEA, methylchloroform, and chloroethene,
are currently being used to clean and degrease the looms. The product is

wiped on and allowed to evaporate leaving no waste material. Only one

55-gallon drum of this solvent is used at the facility every two or three
years. This drum .is stored within the warehouse (Appendix C) .

Parkside Apartments are located approximately 100 feet south of NPWA
well S-9 on West Street, south of both Gentle Cleaners and Granite

Knitting Mills (see Figure 3). The apartments are currently owned by
Mr. Paul Derstein (Reference 9). It has been reported by NUS that a dry
cleaning establishment may have been located at this site at some time in

the past. Mr. Clemmer recalls a dry cleaning operation at this site
approximately 15-20 years ago (Appendix C). The dry cleaners may have
had an underground storage tank on the property for storing PCE; however,

the presence of this tank has not been confirmed (Reference 9). No
additional information is available about this site.

-10-
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2.2 Previous Environmental Investigations

Ground-water sampling has occurred in Zone of Contamination 1 since

the discovery of PCE in NPWA well S-9 in 1979 (Reference 10). Very
little sampling data for the area during this time period were
available. NPWA well S-10 was sampled every two weeks during 1985 by
NPWA. Although no details of this sampling are available, the results
are presented in Figure 4, which indicates levels of PCE in this well of
1.2-2.6 ug/1 (Reference 9).

In January 1986, NPWA conducted a pump test at well S-9. During a
45-hour period, the well was continuously pumped and ground-water samples

were taken at various time intervals. The results of this pump test are
given in Figure 5. PCE concentrations fell from 24.7 ug/1 to 10.6 ug/1
after 24 hours of pumping. Levels increased slightly to 13.6 ug/1 over
the final 21 hours of the test (Reference 9). Specific details of the

pump test, sample collection, and sample analysis were not given.

In 1986, NUS Corporation was contracted by U.S. EPA to perform a
site discovery in the North Penn area. They completed this study in July

1986. As part of this study, they examined each of the six zones of
contamination which had been proposed for the NPL, including Zone of

Contamination 1. Background information on each of the zones was given,

as well as selected information about the area including demographics,

environmental setting, and hydrogeologic information (Reference 9).

On August 28, 1986, an NUS Field Investigation Team (FIT III)
conducted sampling of area wells in Zone 1. Neither a sampling plan nor

field data was given for this event. Samples were analyzed by NPWA
laboratories and results are given in Table 1. Three wells, including
Soud Borough well, a well at 12 Green Street, and the Granite Knitting

Mill Well exhibited contamination. The highest concentrations of
contaminants were found in the Granite Knitting Mills well. All six
compounds analyzed were detected in this well. (Reference 10). Specific

sampling locations are shown in Figure 2.

-11-
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£-10 RESULTS FOR 1585
&;,!£ OAV • SAMPLE I TCE PCE 1,1,1-TCA
v7-J*n-8S 7 a3 0.7 1.5 <0.5
2l-J*n-35 21 148 <0.5 2.1 <0.5
li-Feo-o5 42 354 vO.5 1.9 <O.S
;5-F*D-S5 Se 443 <0.5 2.3 <0.5
H-r.Ar-35 70 532 • <O.S 2.4 <0.5
25-n*r-35 84 e32 <0.5 1.7 <0.5
:2-Apr-a5 112 834 <6.5 1.5 <O.S
Ga-fUy-35 I2a 971 <O.S 1.8 <0.5
:0-«iy-65 140 1063 <O.S 2.1 <O.S
03-Jun-SS 154 UaO <0.5 2.2 <0.5
l7-Jun-85 166 1247 <0.5 1.9 <0.5
:4-Jun-85 175 I28a <0.5 2.6 <0.5
05-Jul-S5 189 1351 <0.5 1.2" <0.5
22-Jul-SS 203 14e6 <6.5 1.8 <0.5
u5-Aug-85 217 1534 <0.5 2.3 O.a
l9-Aug-85 231 U45 <0.5 1.8 O.a
C-3-Sep-35 246 1759 <0.5 2.0 <0.5
le-Sep-85 259 1853 <0.5 2.2 0.5
07-Oct-65 280 1T54 <.0.5 1.3 <0.5
:i-Oct-S5 '294 2123 <0.5 l.d <0.5
04-Nov-SS 308 2202 <0.5 1.3 <0.5
g9-&«c-85 343 2539 so.5 1.7 <0.5
3u-Dec-flS 364 2o70 <0.5 2.4 <0.5

S-10 PCE RESULTS - 1985
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DAY f 1035
FIGURE 4

PCE CONCENTRATIONS IN NPWA WELL S-10 FOR 1985
(Reference 9)
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TABLE 1
ANALYTICAL RESULTS FOR THE NUS AUGUST 28, 1986,

SAMPLING EVENT, SOUDERTON, PENNSYLVANIA
RESULTS Of SOUDERTON AREA SAMPLING f-ERFMBED BY NUS

Saples Collected: 8-28-86
Date Analyzed: 9-2-84.
Analyzed by: J.A. Coyle, North Penn Utter Authority Laboratory

fletbod Used: EM nethod 5C>:.1

All results expresses ai ug/L.

z*szssz:*cz*aczzuxzzxc*zzzi*«zxzxxx*zxxxxz*xxxzz£xzxzzxx»cxzuzxxnzzx««xzxxx*BSUc»znxsx*xzss>x

HPUA NUS
SABPLE I SABPLE I LOCATION 1.1-CCE 1.1-DCA c/t-l,2-CCE 1,1,1-TCA TCE PCE
ZZZZZX*XZZXX«ZZZZZZZZZZ:ZZZZZZZSZZS3ZESZZZZZCXXX£SZZEZSX*XZZ*ZXZXX**»XXZZSZXXZXZXZZZZXXZZXCZXXXZ«

1515-aa S-l NFHA Well £-10 <0.5 vO.5 -.0.5 <0.5 -.0.5 1.7

1827-86 S-2 N?«H Well s-9 -v.5 vO.5 -0.5 '.0.5 '.0.5 13.*

1829-86 S-3 Soud Borough Mil --v.5 U-.5 0.5 sO.5 5.0 4.3
2 hours

1831 -6s i-4 Soud 6orsua.ti »el: -v.S -0.5 <0.5 \0.5 *.s :.5
bt?ore our;t

1533-66 i-3 112 *. Chestnut St -0.5 'v.5 0.5 0.5 '.0.5 '0.5

1E35-86 S-s 1*:' Breen St 0.! vO.5 <0.5 %O.J <0.5 (0.5

1837-86 5-7 27 Sreen St <0.5 -,0.5 <0.5 <0.5 «0.5 '0.5

1639-86 5-5 23 Sre-n St <O.S '.0.5 '0.5 <0.5 '.0.5 <0.5

1841-se 5-6 12 Srwn St <0.5 <0.5 <0.5 .0.5 '.0.5 «.!

1843-66 S-10 5rin:ts witting mil ?.9 4.4 . 2i.v 24°. 5 12.2 33.5

1845-86 S-!l ItO B»in St -.0.5 -.0.5 -.0.5 .0.5 0.5 -.0.5

1847-86 5-12 161 B»in St -.0.5 <0.5 <0.5 '.0.5 (0.5 -0.5

1849-86 S-13 Duplicate sf S-ll -0.5 -.0.5 <0.5 -.0.5 '.0.5 <0.5
leO Bain St

1851-86 S-14 Corner oi Mile -.0.5 <0.5 -:0.5 -0.5 (0.5 <0.5
ti Uiinut Sts

1853-86 S-15 302 Bain St <0.5 :0.5 -.0.5 -.0.5 \0.3 :0.5

1855-86 S-16 SUok • '.0.5 <0.5 <0.5 (0.5 '.0.5 <0.5
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TEST,
HIM FR UQ/L

LOCATION DATE START SArtP • PCE C-1.2-DCE TCE 1,1,1-TCA
£-•» TEST, 1 HIM 27-J*n-fle 0.017 261 24.7 0.7 0.7 -.0.5
5-9 TEST, 10 Mlh 27-J*n-86 0.17 262 16.a O.a 0.6 <0.5
S-? TEST, I HOUR 27-J*n-B6 1 . 263 13.7 0.5 0.5 tO.5
S-9 TEST, 7 MRS 28-J4n-8a 7 272 10.6 0.5 <0.5 0.5
S-9 TEST, 24 HRS 28-J4n-86 24 275 10.a <0.5 <O.S 0.6
5-9 TEST END 29-jAn-86 45 282 13.6 <0.5 <0.5 O.a

S-9 PUMPING TEST -- PCE LEVELS
CONDUCTED 1-27-ee TO 1-29-ae

28-
26 -
24 J1

< 22 -
o>
£, 20-

Z 14 -

2 12 '
u 10 -
a 8 -o.

& -
4 -

2 -
0

P ERCHLOROETHYLENE

10 20 30 40
HOURS FROM START OF TEST

FIGURE 5
ANALYTICAL RESULTS FOR SAMPLES TAKEN FROM NPWA

WELL S-9 DURING A 1986 PUMP TEST
(Reference 9)
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In October 1986, NUS submitted to EPA a Hazard Ranking System report

for Gentle Cleaners and Granite Knitting Mills. (Reference 10). This

report included additional references regarding the site and regional
geology. This completed the studies performed by NUS.

No additional studies are known to be documented for Zone of

Contamination 1. It is known that Granite Knitting Mills has initiated

an internal investigation which may have included some soil sampling on
their premises (Appendix C). However, this effort has not been

documented and cannot be evaluated.

2.3 Site Visit Information '

On May 8, 1987, Versar visited Zone of Contamination 1 in Souderton,
»

Pennsylvania. The visit consisted of a tour of the Granite Knitting
Mills facility, a drive around the zone to observe locations of other

PRPs and the NPWA wells, and an informal discussion of site history with
representatives of Granite Knitting Mills. A report detailing this

inspection is included in Appendix B. Photographs taken during the
visit, and a copy of Versar's site inspection field notes, are include in

Appendix C.

The following information was obtained during the visit to Zone of

Contamination 1:

• The Granite Knitting Mills facility occupies a lot
approximately 160 feet by 220 feet (see Photographs 1 and 2).
The mill site consists of a large warehouse covering most of the
property from the westernmost edge along Green Street to the
fence that borders an alley along the easternmost edge of the
property. The property on the northern and southern sides of the
facility is mostly asphalt parking lots, with a small grassy area
on the northern side of the building in the area of the Granite
Knitting Mills well. The westernmost portion of the warehouse is
a large unmarked tan cinderblock building with no windows. This
portion of the building now houses weaving operations. The
easternmost end of the warehouse is a brick building which has
been used as a woodworking shop (Appendix C). This portion of
the building now appears to be vacant.

• Private residences are located on all sides of the Granite
Knitting Mills facility (see Photograph 9). A small clinic was
located across the parking lot on the north end of the property.

-15-
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Specific areas of Granite Knitting Mills which were inspected
during the visit included the Granite Knitting Mills well, the
room which housed the dry cleaning machine and the PCE storage
tank, the area where PCE was transferred from trucks to the PCE
storage tank, and the areas where drums of waste PCE were stored
prior to pickup (see Photographs 3, 4, 5, 6, and 7). No evidence
of release of hazardous materials was found.

The Granite Knitting Mill well is located on the northern side
of the facility under a concrete pad. The well has not been used
in 20 years, except for the occasional collection of samples
(Appendix C). The area around the well is grass with several
concrete pads which at some time supported some type of tower.
Upslope to the north is an asphalt parking lot which slopes
gently towards the well. (See Photograph 3)

The room which housed the dry cleaning machine and the PCE
storage tank is located on the southern side of the building near
the loading dock. Both the tank and the machine have been
removed and there was no visible evidence of release in this area
(see Photograph 7). The PCE tank was filled from the outside
through a hole in the wall (Appendix C); however, the hole has
been covered over. PCE was transferred from trucks which could
pull along the south side of the building on an asphalted
alleyway. There was no evidence of spills in this area.

Just outside of the loading dock area, along the edge of the
building, 55-gallon drums of waste material were stored before
they were removed for disposal. This area is also covered over
with asphalt; however, the asphalt in this area is worn and
broken in some areas (see Photograph 6). It was in this area
that Granite Knitting Mills claims to have collected soil samples
(Appendix C). Information on the analyses or compositions of
these samples was not available at the time of this report.

Along with a tour of the facility, Granite Knitting Mills'
representatives (L. Clemmer, K. Gingrich, and J. Maza) provided a
driving tour of Souderton, which included a look at the other
PRPs (i.e., Gentle Cleaners, Parkside Apartments) and the NPWA
well S-9 (see photograph 8). EPA did not arrange for Versar to
inspect the Gentle Cleaners facility or Parkside Apartments
complex. During the tour, Granite Knitting Mills'
representatives mentioned several miscellaneous facilities in the
area which they believe might have used organic solvents at one
time, and might have contributed to the current contamination
problem, (e.g., welding shops, mechanical repair shops, garages).
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2 .4 Geological Setting

2.4.1 Location

Zone of Contamination 1 is located in southeastern Pennsylvania, in

the town of Souderton, Montgomery County. The zone is located in the
Piedmont Physiographic Province. The PRPs for this zone are all located

within 1/2 mile of one another. Gentle Cleaners and Granite Knitting
Mills are located within 200 feet of one another. Gentle Cleaners is
located at the topographic high and the northernmost end of the zone, at
an approximate elevation of 400 feet. Parkside Apartments is located
southwest of Gentle Cleaners and Granite Knitting Mills, and
topographically lower than the other two facilities at an approximate
elevation of 360 feet. The land slopes gently towards the southeast
(Reference 15) .

One of the main tributaries to Skippack Creek has its headwaters
approximately 800 feet southeast of Gentle Cleaners and Granite Knitting

Mills. Parkside Apartments are located on the easternmost side of the

tributary, approximately 600 feet below its headwaters. At one time this
creek was known to extend further northward, following a straight course

up towards Main Street (Reference 5) . There is now a concrete storm
sewer where the tributary used to flow. The tributary flows in a
southerly direction until it meets with Skippack Creek approximately 1

mile south of its beginning. Skippack Creek flows to the southwest where
it eventually joins with Perkiomen Creek to feed into the Schuylkill
River (Reference" 7) .

2.4.2 Geology

No known site-specific geologic studies have been performed for any
of the facilities in Zone of Contamination 1, however, geological surveys

of Montgomery County and surrounding areas characterize in general the
subsurface in this area. The study area is underlain by Tr lassie rocks
of the Brunswick formation in a region of folding with the older Triassic
Lockatong formation. The Brunswick formation is comprised mostly of red
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shales, and the Lockatong is made up of dense shales. More specific
descriptions of the lithologies of these units can be found in

Appendix A. Joints and fractures throughout these formations are the
major structural feature, and provide secondary porosity which makes

these formations water-bearing units (Reference 4).

The soils in the area are clay and silt-rich, being weathered from

underlying bedrock. Permeability in the soil is low, on the order of

0.1 feet per day, due to the fine grain size (Reference 12). Most of the

area around the Granite Knitting Mills facility and the Gentle Cleaners

facility is paved or asphalted as discussed earlier in Section 2.3
(A. Fleitas, personal observation, May 8, 1987, also Appendix C,

photographs 1, 2, and 6).

2.4.3 Ground Water

Both the Brunswick formation and the Lockatong formation are

considered aquifers in this region. The abundant joints and fractures in
these formations, particularly the Brunswick, provide channels for
ground-water flow. At depths ranging from 200-500 feet, these joints and

fractures provide most of the permeability. At shallower depths, the

openings are generally plugged with fine-grained clays and other
weathered material. At greater depths, the fractures are generally
closed due to pressure effects (Reference 4). In the shallower weathered

zone, the permeability is generally low resulting in slow recharge by
percolation to the underlying aquifer. These conditions resemble

semiartesian conditions. Unlike true artesian conditions, deep aquifers
are not protected by any confining beds, so contamination can slowly

percolate downward with recharge (Reference 11).

The ground-water flow specific to the three sites (Gentle Cleaners,
Granite Knitting Mills, and Parkside Apartments) in Zone of
Contamination 1 has not been investigated. No water level data for area
wells was available during this review. The ground-water flow in the

North Penn area is generally north-northeast to south-southwest; however,
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the abundance of joints and fractures in the rocks may cause flow

direction to vary in the localized area (Reference 7). Pump test data or

fracture trace analyses are not available to determine specific flow
pathways within the zone.

Several NPWA wells and many private wells exist in this zone. The
lack of boring data and well construction details make it difficult to
use these wells to correlate the geology of the area or determine
ground-water flow. Four NPWA wells are located in Zone of
Contamination 1. These include wells S-2, S-8, S-9, and S-10. The

locations of these wells are shown in Figure 3. These wells have total
depths and pump rates as follows (Reference 8):

WELL NUMBER ' TOTAL DEPTH________PUMP RATE

S-2 216 feet 95,342 gpd
S-8 300 feet 49,885 gpd
S-9 300 feet Not pumping
S-10 300 feet 58,153 gpd

Currently, NPWA wells S-9 and S-10 are known to be contaminated.
These wells are located on opposite sides of the tributary to Skippack

Creek. PCE concentrations in S-9 are up to 24.7 ug/1. During 1985, NPWA
well S-10, located south and downgradient of S-9, was found to contain
PCE at levels ranging from 1.2-2.6 ug/1. These levels are below EPA

proposed standards of 10 ug/1 for PCE (Reference 9). Well S-8, located

south of the contamination plume, is not contaminated (Reference 9).
Recently, previously uncontaminated well S-2, located approximately
1,900 feet north of the Granite Knitting Mills well and north of the
contamination plume, has begun to show indications of contamination
(Reference 1). It is not clear whether this contamination can be linked
to the same PRPs. In addition to NPWA well S-10, low levels of TCE
and/or PCE, at or below EPA recommended or proposed levels, were detected
in a Souderton Borough private well, located south of Parkside
Apartments, and a private well on Green Street, between the Gentle
Cleaners and Granite Knitting Mills facilities (Reference 10; see
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also Figure 5 and Table 1). The highest concentration of contaminants
appears at the northernmost end of the zone, where levels of PCE at 249.5

ppb (Reference 10) and 1,1,1- TCEA at 61 ppb (Reference 9) were detected
in the well on the Granite Knitting Mills property.

The approximate location of the contaminant plume for Zone of
Contamination 1 is shown in Figure 6. The plume is very loosely defined
based on the analytical data obtained in the NUS FIT III August 28, 1986
sampling event (Reference 9).
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3.0 TECHNICAL APPROACH TO THE EVALUATION

In conducting this evaluation, Versar has reviewed existing data

from EPA, NPWA, and PADER files, and compared its adequacy to the EPA
technical requirements set forth in the "Guidance on Remedial
Investigations Under CERCLA" (RIGD) (Reference 14). Since a full

remedial investigation (RI) has not been conducted at any of the
facilities in Zone of Contamination 1, and since some of the facilities

have limited available data, full compliance with the NCP was not
anticipated. An evaluation of the existing data is given in Section 4.0,
and recommendations for further studies are given in Section 6.0 of this

report.

Remedial activities have not been initiated by any of the PRPs at
this time, so no feasibility studies (FS) were available for review.
Recommendations for future studies of this type, based on the "Guidance

on Feasibility Studies Under CERCLA" (FSGD) (Reference 13), are presented
in Sec.ion 6.0 of this report.

In addition to these evaluations and recommendations, Versar has

attempted to establish links between the PRPs and the ground-water
contamination in Zone 1. Due to the lack of detailed information about

this zone, establishing links at this time is difficult. Recommendations
for further studies which might better establish links are given in

Section 6.0 of this report.

The primary documents which were available for review during this

investigation include the following:

• NUS Corporation, Site Discovery of Groundwater Contamination in
the North Penn Area, July 7, 1986 (NUS Site Discovery report;
Reference 9)

• NUS Corporation, A Hazard Ranking System for Gentle Cleaners,
Inc./Granite Knitting Mills, Inc., October 10, 1986, with
references (NUS Hazard Ranking report; Reference 10).

Miscellaneous documents and correspondence from Gentle Cleaners,
Granite Knitting Mills, and Parkside Apartments were also reviewed. In
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addition to the documents review, a site inspection of the Granite

Knitting Mills facility and the surrounding area was conducted on May 8,

1987, as described previously in Section 2.3.

Existing data on the characterization of the zone of contamination
and PRPs was used to outline the magnitude of the problem at the site
along with outlining data gaps and insufficiencies which would require

further investigation. Many of these data gaps were filled during the

visual site inspection. Other information needs are discussed in this
report in the sections described above.
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4.0 EVALUATION OF SITE CHARACTERIZATION INFORMATION

This section assesses the adequacy of the existing data and
information according to the technical subject areas discussed on the
RIGD (Reference 13). To maintain consistency with the EPA guidance

document, these areas are evaluated in the same order as the suggested
order found in Chapter 9 of the RIGD as follows (Reference 13):

Background Information (Introduction)
Site Features
Hazardous Substances
Hydrogeology
Surface Water
Air
Biota
Bench and Pilot Studies
Public Health and Environmental Concerns

Each topic or subtopic in this section begins with a summary of
EPA's technical recommendations for conducting an RI under CERCLA, and

the importance of that information for meeting the objectives of the RI
program. For each technical category, an evaluation of the adequacy of

the available data for each individual PRP facility in Zone of

Contamination 1, as compared to these technical recommendations, is given
wherever sufficient data were available for this evaluation.

Since RI/FS studies have not been performed for the Zone of
Contamination 1, a review and evaluation of background information for
PRP facilities in this zone have constituted the major focus of this

study. Background information was made available primarily through the
two NUS reports (References 9 and 10) and by interviews conducted by

Versar during its visit to the zone on May 8, 1987. The largest quantity
of information was obtained for Granite Knitting Mills, Inc. Almost no
information was available for Gentle Cleaners and for Parkside Apartments.

The data were generally not specific to either zone of contamination

or to any one PRP. For example, the geological data was applicable to
the whole North Penn region and was identical to that supplied for other
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zones of contamination. For this reason, the topics below are discussed

in terms of the entire Zone of Contamination 1 when information about .
individual PRPs is absent. The data do not completely supply the
necessary detail for either a remedial investigation or an in-depth
remedial action in the zone or at any PRP facility.

4.1 Background Information

For each facility within Zone of Contamination 1, information on
basic site-specific characteristics and their relationship to
environmental conditions at each facility is needed to establish a basis
for recommending further data collection and analysis activities.

Needs

Facility location, size, existing structures, activities and
operations, types and conditions of wastes, and timeframe of

waste-related activities are needed to establish background data prior to
any subsequent data collection and analysis (Reference 13).

Evaluation

Background information for -the three PRPs identified for Zone of
Contamination 1 was, supplied by both the NUS site discovery report and

the NUS hazard ranking report (References 9 and 10). These reports do

not supply adequate information regarding the conditions, both historical
and present-day, of any of these facilities. Information on Parkside

Apartments is particularly lacking. Information on Gentle Cleaners is
presented, but is inadequate to thoroughly establish background data for
this facility. The available data for Gentle Cleaners and Parkside

Apartments did not include a complete listing of hazardous materials used
and wastes generated, information regarding waste handling practices, and
specific dates during which these facilities were in operation. Although
the information supplied for Granite Knitting Mills in the NUS reports
(References 9 and 10) is also inadequate, sufficient background
information was gathered by Versar during the May 8, 1987, zone of

-25-

200028



contamination inspection (Appendices B and C) to supply a good basis for
subsequent data collection and analysis.

Adequate background information needs to be gathered prior to the
initiation of additional studies in this zone. Background information

will aid in defining specific objectives, developing a technical
approach, and insuring adequate coverage for future investigations.

4.2 Facility Features

The site feature data should include sufficiently detailed

information on past activities at each facility so that technical, public
health, and environmental analyses can be conducted during a feasibility
study. The data shou!4 also be sufficient in scope and quantity to

enable technically sound evaluation of alternative remedial measures
(Reference 13).

The data and information to be developed or considered during the
facility feature investigation include demographies, land use, natural

resources, meteorology and climate (Reference 13).

4.2.1 Demographics and Land Use

Demographies' and land use data and other information are needed to

address the past, present, and future changes in the characteristics of
the population and land use in the area; changes in the hydrogeology; the
population potentially at risk to exposure from the facility (including

municipal water supplies); the potential socioeconomic impacts of
contaminant release; and observed effects on the local ecosystem
(Reference 13).

The following demographic information is pertinent to an assessment
(Reference 13):

• Community characteristics - Socioeconomic setting relative to
public, cultural, and scientific resources; the local economic
structure; and the population density.

-26-

200029



• Familiar characteristics - Household stability, housing tenure,
ethnic composition, age distribution, local geographic
distribution of the population, and economic status of families.

The following land use information is also pertinent to an
assessment (Reference 13) :

• Past, present, and projected changes to land adjacent to uses
of the site and environs including: urban, industrial,
commercial, agricultural, recreational, forest, barrier, and
wetlands.

• Location of the 100-year flood plain.

• Fraction of the land covered by impermeable surfaces

Evaluation

Demographics

A small amount of demographic information is contained in the NUS

hazard ranking report (Reference 10) and in the NUS site discovery report
(Reference 9) for Zone of Contamination 1. Information on the population

of the area and distribution of the population around the zone is briefly

discussed. The Site Discovery Report (Reference 9) contains general
information on population density in the zone; however, other demographic
information for the zone is not available.

Currently available data for the use of municipal well supplies in

and around the zone are incomplete and unclear. Basic demographic
information should be obtained to assist in planning of remedial actions,
which are expected to affect water supply to the community. A more
complex demographic study, such as might be performed to determine
exposure to airborne contaminants, is not expected to be needed since the

contamination is found only in the subsurface.

Land Use

Zone 1 is identified in both NUS reports as urban and may be classed
as partly industrial and partly urban residential. Areas surrounding the
town of Souderton are either farmland or suburban residential. No
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further information on land use in the zone is available. Knowledge of
prior land use could reveal details about previous property owners and
potentially responsible parties. This is of particular interest in the

case of Parkside Apartments, where a previous owner may have been a major
cause of contamination in the zone. It is also of interest in terms of

locating other PRPs that have not yet been found either in or around the
zone.

4.2.2 Natural Resources

Needs

The natural resources of the zone must be sufficiently characterized

to determine what influence, if any, contamination of the resources may
have on the health, lifestyle, and economic stability of the local
inhabitants. Therefore, a baseline of natural resource information

should be established for the local ecosystems. This information must be
sufficiently detailed to determine, analyze, and describe the extent of

effects on human and nonhuman receptors as a result of the contaminants

discharged from the site. Specific concerns should focus on regional
natural resources and their relationships to commercial, residential, and
recreational needs, and aesthetic considerations. In addition, another
purpose of obtaining natural resource data and information is to aid in
determining and evaluating impacts of effective remedial alternatives for
the zone of contamination during the feasibility study (Reference 13).

Evaluation

No specific information on natural resources is currently available
for this zone of contamination. Ground water may be classified as a

natural resource in this zone; however, the available information on
ground water is discussed in Section 4.4.2 of this report.

4.2.3 Meteorology and Climate

Needs

Meteorological and climatological data are necessary to determine
the potential pathways and dispersion characteristics of known
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contaminants released from the facility to the atmosphere, ground water,

or surface water. Local meteorological and climatological information
should address precipitation, temperature, evaporation (including
evapotranspiration), wind speed and direction, seasonal climate

variations and weather extremes. This information should make it
possible to define eolian (wind induced) and fluvial (water induced)
erosion, evaporation potential, particulate deposition, and ground-water

recharge. Those data should then be used to assess the potential effects
of weather patterns on selection, timing, and implementation of remedial
actions. Information on wind speed and direction, including a wind rose,

should be included when a potential assessment or remedial activity might
produce discharges to the air (Reference 13).

Evaluation

Some general information on local climate, average temperatures and
temperature ranges, average precipitation and precipitation ranges is
given in the NUS Site Discovery report (Reference 9). Other information

regarding meteorology and climate in the zone of contamination is not

available. Currently available information should be augmented if it is

to be used to supplement remedial work. In particular, data on storm

events and evapotranspiration would prove useful in further
hydrogeological studies.

TopoEraphv

A topographic map of the area should be prepared to a horizontal

scale of 1 inch equals 200 feet, showing elevations with respect to a
mean sea level in 2-foot contour intervals. The map should show surface

features such as buildings, fences, power lines, roads, railroads,

surface impoundments, lakes, and rivers. For ease of use in correlating
stratigraphic and water-level elevations, locations of wells,
piezometers, and boreholes should also be shown (Reference 13).
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Evaluation

Some topographic maps included in both NUS studies (References 9 and
10) are of low quality. This appears to be due to poor reproduction of

original documents rather than to omission of data. The appropriate

topographic map for the region is referenced but is not included in the
available documents. Since no cut and fill or other operations have

significantly altered the zone since the publication of the U.S.
Geological Survey map, this map should be sufficient to characterize the
topography of the region. Ideally, a copy should be included with the

zone data. Beyond this, a good map specific to the zone of contamination
is not included. A map showing all property boundaries, building
locations, well locations, and any other pertinent information and

surface features should be produced to supplement further study of the
zone. Preferably, this map should have a horizontal scale of 1 inch to

200 feet, showing elevations with respect to mean sea level in 2-foot

contour intervals.

4.3 Hazardous Substances

Information on hazardous substances present at each source in the
environmental matrix at each facility is needed to identify the potential
contaminants, to estimate the quantities of contaminants, to predict the
chemical behavior and potential for migration of specific contaminants

and to set reasonable limits and goals for subsequent sampling and
analysis during a remedial investigation.

4.3.1 Waste Types

Needs

Information on the types and physical states (e.g., solid, liquid,
or gas) of wastes disposed of or released at each facility over time
should be collected. Those data should help determine what contaminants
may be present, the amounts and origin (source) of contaminants present
or released, the current storage practices for the hazardous
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constituents, and the potential for contaminants to migrate. This

information is the technical basis for exposure assessments and
evaluations of interim remedial measures and remedial alternatives
proposed in feasibility studies (References 13 and 14).

Evaluation

Wastes generated by Gentle Cleaners, Inc., include used filters
containing waste PCE which are generated from the dry cleaning process.
The composition of the filters themselves is unknown. The company also
uses other chemicals as spotting solvents in its processes, including
1,1,1-TCEA, various petroleum distillates, and organic solvents and
solvent mixtures. The specific compositions of these chemicals and
mixtures are not known (Reference 9).

In the past, Granite Knitting Mills has generated wastes while

recycling PCE from their dry cleaning processes. The wastes were oily
residues that remained after the distillation of PCE from their dry
cleaning machine. The oils were removed from the machine and temporarily
stored in drums on the side of the building adjacent to the loading dock

until they were removed. These wastes are estimated to have contained
approximately 2 percent PCE (Reference 3). It is not known exactly how
long the mills generated this particular type of waste. No other wastes

are known to have been generated. Currently no wastes are known to be
produced at the Granite Knitting Mills facility (Appendix C).

Parkside Apartments apparently does not produce any kinds of
hazardous wastes (Reference 9). However, previous property tenants may
have produced wastes of concern, possibly including solvent residues from
dry cleaning operations. No further information is currently available
regarding wastes produced at that property.

A complete history of operations at each facility is needed to
better determine the amounts and types of wastes produced by each PRP.
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No documented onsite sampling of soils or water has been conducted to
better qualify potential wastes and pinpoint areas of high concentration
or possible source areas. In addition, no records were available listing
amounts and types of wastes removed from the properties, or listing
chemicals purchased by the PRPs. The lack of information in these areas
prevents proper identification of the sources of contamination and

therefore hampers development of appropriate remedial actions for
alleviating site problems.

Characteristics and Behavior of Waste Components

At each facility within the zone of contamination, information on
the individual hazardous chemical components of the waste and their
physical, chemical, behavioral, and toxicological characteristics is

needed to identify the specific contaminants present and to determine
their respective potential for migration. This information helps to
establish the technical basis of exposure assessments and evaluations of

remedial alternatives in a feasibility study after a comprehensive RI has
been completed (References 13 and 14).

Evaluation I

Information about cleaning compounds and chemical mixtures used at
the Gentle Cleaners site is included in the NUS Site Discovery report and
the NUS Hazard Ranking Report (References 9 and 10). However, no

information about specific waste behavior, nor physical and chemical
characteristics of the wastes, is included, beyond the mention of the
presence of PCE in the waste filters. Likewise, the same information is
lacking for both Granite Knitting Mills and Parkside Apartments. Further
information on the behavior of the wastes produced, in particular, their
environmental transport properties and fate, is essential to the

selection of appropriate remedial technologies. For example, the
volatility of chlorinated hydrocarbon compounds varies widely, and must
be quantified before air stripping could be implemented as a remedial

alternative.
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4.4 Hydrogeology

The collection of hydrogeologic information is a necessary part of
a remedial investigation because of the interrelations between geology,

ground-water occurrence and flow, waste sources and characteristics, and
the migration of contaminants. The amount of hydrogeologic information
collected should be sufficient to identify and characterize all

potentially impacted subsurface water-bearing zones or aquifers, surface
water bodies, and barriers to or conduits of ground-water flow. This
information is necessary to properly place ground-water monitoring -wells

in both horizontal and vertical space or assess the placement of present
wells. The ground-water quality components of the recommended
hydrogeological data set must be sufficiently detailed to evaluate the

occurrence and the three-dimensional distribution of contaminants in the
water-bearing zones or surface waters potentially at risk from facility

contamination. This is particularly important when an aquifer or surface

water body provides a local or regional source of potable water. The
investigation should outline the dimensions of any contaminant plume as

well as its flow direction and estimated speed of migration
(Reference 13).

4.4.1 Geology and Soils

Needs

Information on the lithologic and structural characteristics of the

local and regional subsurface should be obtained to adequately describe
the geology at each facility and in particular the zone of contamination.

Regional geologic information obtained from literature should not be the
sole sources of information available and utilized for a remedial
investigation, as defined under CERCLA. However, this supplemental
information may be used to enhance or verify new information collected by
direct means, such as onsite borings, soil tests, and geophysical studies.

An adequate interpretation of geologic data includes (1) a review of

available drilling logs to identify major rock and soil types and water-

bearing zones, (2) the construction of representative geologic cross
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sections from drilling log data, (3) the identification of any zones of

suspected high permeability or structures (e.g., fractures and faults)

likely to influence contaminant migration through the saturated zones,
(4) the definition of the local stratigraphic structure and its lateral
and vertical heterogeneities, (5) the acquisition of mineralogical and
geochemical information on the subsurface materials, and (6) the
determination of facility-specific soil properties including soil

composition and geochemistry, and hydraulic and engineering properties.
Any available geophysical survey information (e.g., seismic refraction

and inductive electromagnetic conductivity) should also be evaluated at

each facility to assist in the characterization of the subsurface
environment (Reference 13).

Evaluation

Geologic information about the Gentle Cleaners site is limited to
publications about regional and county-wide geology (Reference 10) and a
brief generalized synopsis of the local geology in the NUS Site Discovery

report (Reference 9). The publications are very thorough and provide
valuable information about the geology of the region, but they lack
site-specific information. There is no onsite field information, such as

boring logs, included in the documentation for the zone of
contamination. As a result, the available information may be used to
enhance or verify future investigations, but is not sufficient to

completely characterize the zone.

It is critical that the subsurface of the zone of contamination be
adequately defined, both to determine the source(s) of contamination, and
to delineate the extent and direction of plume movement. In particular,
identification of suspected low- and high-permeability zones or
structures, and the definition of stratigraphic structure and variation
could aid in determination of the source of contamination, and in the
selection of appropriate remedial actions.

in*:
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A.4.2 Ground-Water Hydrology and Quality

Needs

An adequate characterization of ground-water hydrology involves
locating laterally and vertically the water-bearing zones, confining
layers, and fractures; providing and correlating well and boring log data
to determine the interrelationships of aquifers; determining the
distribution of ground-water elevations and developing flow nets
(horizontally and vertically, and preferably on a seasonal basis) to
determine flow directions; determining hydraulic conductivity (or

transmissivities), porosity, aquifer thickness and boundaries, and
storage coefficients to determine specific discharge and flow velocities;
and determining ground-water discharge and recharge rates, including
localized sources and sinks of ground water (Reference 13).

Regional and local ground-water extraction for municipal, domestic,
agricultural, or industrial use should also be assessed in this section.
The characterization of ground-water quality involves identifying and

quantifying the contaminants present in each aquifer, mapping their
lateral and vertical distribution, and determining the flux of the
contaminants from the study area to the regional ground or surface

waters. While characterizing water quality, the investigator should give

detailed attention to the drilling, installation, and development of
monitoring wells; sample collection, preservation, and processing
procedures; and methods of chemical analysis (Reference 13).

Evaluation

Information regarding ground-water hydrology in Zone 1 is limited to

the literature on regional hydrogeology mentioned previously (Reference
10) and the synopsis provided in the NUS Site Discovery report
(Reference 9). The regional ground-water flow regime appears to be
fairly well defined, with information available on locations of
water-bearing zones, well and boring log data, hydraulic properties of
aquifers, and local sources and sinks of ground water. However, no
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site-specific information on ground-water flow has been reported for the
zone. This includes distributions of ground-water elevations or other
quantitative properties such as porosity, hydraulic conductivity, flow

direction, or aquifer thickness.

The amount of information currently available is inadequate to
characterize the local hydrology within the zone of contamination. This
is due in part to the wide amount of variation in the aquifers of the

region. Fracturing and faulting in the bedrock and interfingering of
strata allow a large variability in flow characteristics across the
region and within each smaller zone of contamination. Pumping of local

NPWA wells in and around the zone also could vary flow direction and
velocity. The regional information should only be used on a limited
basis as supplemental or reference data to support future investigations.

The ground-water quality data for Zone of Contamination 1 is limited

in extent. Information on contaminant concentrations for one sampling of

15 Souderton wells on August 28, 1986, is included in the NUS Site
Discovery Report (Reference 9) along with concentrations of PCE

determined from samples taken during a pump test conducted on NPWA well
S-9 in January 1986. Data on concentrations of PCE, 1,1,1-TCEA, and TCE
for 1985 from well S-10 is also available in Reference 9. Based on this

data, NUS has constructed a generalized map indicating the extent of the

contaminant plume (see Figure 6). The plume, however, is loosely defined
and does not necessarily indicate current subsurface conditions. No
explanation of how the extent of this plume was determined at was given
in the zone documentation. Also, no information on pump test procedures
was provided. No other water quality data has been reported for this

zone. It is not clear if any data from before 1985 might be available
for this zone, or if sampling has been conducted since 1985. Presumably
this zone was sampled concurrently with the other zones of contamination
in the region. If so, a great deal of water quality data may be missing
or may not have been reported.
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Extensive quality assurance/quality control (QA/QC) information from
the NPWA testing laboratory has been included in the NUS Hazard Ranking

report for the analysis of samples collected by NUS from the 15 Souderton •
wells (Reference 10). Information on laboratory analysis and sample
collection procedures is included. Generally, this information appears

to be adequate for the purpose of assessing the quality of test data,
except that the QA/QC information is not always clearly presented.

Some information on well depths, diameter, average daily withdrawal,

safe well yields, and limiting factors in water withdrawal are included
in the NUS Site Discovery report (Reference 9). However, no information
on length of screen or open hole length, location of pump, well
construction aaterials-, or well integrity is available for the particular

wells of interest (S-9, S-10, S-8, and other Souderton wells). There are
some diagrams of well construction specifications for the NPWA wells No.

NP-21, NP-33, and NP-39, and boring logs for wells No. NP-5 and NP-15

included in the report (Reference 9). Data for these wells may apply to
the general construction of all NPWA wells; however, this is not

specifically stated and these details may not necessarily apply to the

Souderton wells. Well construction information is not reported for the
residential wells that were sampled, although such information could

possibly be found from local or public sources.

Generally, the water quality information for Zone of Contamination 1
is of greater quantity and depth than other information available, but is
still not enough to completely characterize groundwater quality in and
around the zone of contamination. These data are needed to assess plume

location and concentration, to determine potential hazards, and to
develop appropriate remedial alternatives. This is particularly

important since the affected aquifer is used as a water supply for the
area, and the presence of contamination has placed restrictions upon its
full use (Reference 1).
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4.5 Surface Water

Needs

The characterization of local and regional surface water is
extremely important for a facility remedial investigation. Surface

runoff may carry contaminants in dissolved or suspended form; therefore

runoff is a major potential pathway for the migration of contaminants
from a facility to nearby drainage channels where biota may be adversely
impacted as a result of water quality degradation. The hydrologic

characteristics of the drainage basin in which site runoff occurs will
influence the timing and magnitude of runoff events that can scour
potentially contaminated stream bed sediments. The amount of potentially
contaminated ground water that discharges to a surface water body may be
affected by the interaction between the surface water and ground water

(particularly during storm events), bed material transport, and flood
potential. These issues should be discussed in each facility's

characterization (Reference 13).

Evaluation

There is a brief discussion in the NUS Site Discovery report of
surface water characteristics in the study region (Reference 9).
However, there is no information regarding surface water specific to Zone
of Contamination 1, other than what can be interpreted from topographic
and geologic maps included in the data. No information is available on
surface water quality for the zone or the area around the zone.

Surface water flow and quality of the local tributary to Skippack

Creek should be determined, since it can be a significant pathway for
contaminant migration. Hydrologic factors, such as contaminant loading

rates, dilution factors, and quantity and depth of flow should be
defined. Runoff may contain contaminated soil materials in suspension,
while base flow in streams may give an indication of ground-water quality
upgradient. Also, the potential effects of storms and flooding,
including magnitude, extent of contamination, direction, receiving
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bodies, and controls should be evaluated, since they could present

significant pathways for contaminant transport.

4.6 Air

Needs

A major potential pathway for the discharge of volatile and
dustborne contaminants from any facility is via the release of vapors or
particulates to air. Information on the specific contaminants present,
their concentrations and volatility, potential for release by fire,
explosion, evaporation, or industrial process, and the meteorological and

climatological conditions at the time of sampling is recommended at each
facility. This data is needed to assess the impact of hazardous
constituent releases on local air quality and the potential health and

environmental effects on receptors (Reference 13).

Evaluation

There is no information available in file documents for either air

quality or physical characteristics (e.g., air flow rates or directions)
in the zone of contamination. At least a minimal study of air
characteristics should be performed to define ambient air quality and to
aid in the selection of remedial actions. In particular, if air
stripping is chosen as a remedial method as it has been in other zones,
an air investigation might be necessary to determine if further hazard
exists from the resulting air emissions.

The collection of biological and ecological information is essential
to properly conduct the endangerment and environmental assessments
performed either at the end of a remedial investigation or during a
feasibility study. These assessments should include information on the
local fauna and flora (especially endangered species and those consumed
by humans or found in the human food chain). The analysis of floral and
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faunal information should concentrate primarily upon the dominant species
and their sensitivity/resistance to environmental change, the presence of

rare or endangered species, and any important interrelationships
(References 13 and 14).

Evaluation

The NUS Site Discovery report (Reference 9) included some brief

information about critical environments and endangered species within and
around the study area. No critical environments or critical habitats are

located within the contaminated area. Two endangered species of birds
and one endangered plant may exist in and around the zone (Reference 9).

No other information regarding biota in this area is available.
Since the routes of potential exposure are so poorly defined for the

zone, a more specific investigation of biota might not be appropriate
until exposure routes are further investigated. If the contamination is
found to be solely in the subsurface, an in depth biota investigation

will not br- necessary. However, if surface contamination is found, the
effects of exposure on both endangered biota and the remainder of the
ecosystem should be examined.

4.8 Bench and Pilot Studies

Needs

The specific need for bench and pilot studies is defined from an
assessment of what is known and what is required to establish the
feasibility of applying a technology. Considerations may include the

following (Reference 13):

• What is the level of development of the technology? Has the
process, technique, or material been studied or used previously?
If so, what are the results?

• Characteristics of the wastes/contaminants of concern

• Cost savings anticipated from minimizing the risk of failure at
full scale
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Bench and pilot studies may be performed in the RI. Here, tests may
range from limited treatability studies, to screening of general
technology types in the FS to full evaluations of particular FS remedial
alternatives. In the FS phase, full-scale pilot studies may be needed to

determine design and operating standards for the selected remedial

alternatives (References 13 and 14).

Evaluation

No information about bench or pilot tests are available in file

documents for the zone of contamination.

4.9 Public Health and Environmental Concerns

Needs

The remedial investigations should discuss the potential public
health and environmental impacts resulting from facility contamination.
The discussion on public health should summarize public health concerns

resulting from known hazardous constituents and contaminated areas or

resources at each facility in the zone of contamination. The discussion
on environmental effects should include a review of the actual or
potential environmental damage from releases of contaminants from the

site. Each discussion should address the relevant potential receptors
that may be adversely affected by site contamination, such as human,
fauna, and flora (including endangered species); and the types of

exposure risks associated with each.

The public health and environmental assessments are further
evaluated in the feasibility study (References 13 and 14).

Evaluation

Public health and environmental effects resulting from contamination
in and around Zone 1 are not discussed thoroughly in either of the NUS
reports, although the implications of groundwater contamination in the
area are clear (References 9 and 10). Most of the region relies upon
ground water for its drinking water supply. If this supply is
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contaminated by hazardous constituents, public health could be at risk.
The extent of this risk and the extent and severity of environmental
effects has not yet been fully assessed, however.

The types and amounts of wastes handled or released within the zone,
as well as the hazards associated with these wastes, are not fully
characterized. Current and historic sources of contamination have not
yet been fully identified. Pathways of potential exposure to both humans
and wildlife, and the fate of contaminants in the environment, are not

defined. For example, the types of risks associated with consumption of
the ground water are never discussed. In addition, the types of
populations that could be at risk are not recognized.

Although immediate remedial actions might not require a full study
of the potential effect to the area, at least some evaluation of public

health and environmental effects should be performed to determine the
most likely ways in which the contamination, or possibly the effects of

remediation, will affect the local population; biota; and the

environment. At a minimum, a full characterization of all hazardous
chemicals that could be or have been released within and around the zone

should be performed, and the likely means of exposure to relevant human
and wildlife receptors should be identified.
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5.0 EVALUATION OF REMEDIAL PROGRAMS
»

Remedial activities can take place at any time during a facilities
operation. EPA has established guidance by which companies may proceed
in these actions in a manner consistent with the objectives of CERCLA and

the NCP. While the RI emphasizes data collection and site
characterization, as seen in Section 4.0, EPA recommends that companies
concurrently initiate an FS to develop specific remedial alternatives to

address site contamination problems. The FSGD is used as a basis for
evaluating a facility's remedial action program (Reference 14).

Needs

The FS should be performed in three phases: (1) development of
alternatives, (2) initial screening of alternatives, and (3) detailed
analysis of alternatives. The FSGD recommends that the development of

alternatives and the initial screening during each feasibility study

should, at a minimum, include each of six elements and that the
feasibility study should concisely summarize the results of each step.

The six elements are as follows (Reference 14):

• Identification of general response actions to address site
problems and pathways

• Identification of possible technologies in each general
response action

• Screening possible technologies based on site conditions

• Assembling technologies into remedial alternatives that address
all site problems and attain cleanup goals

*̂
• Eliminating remedial alternatives based on protection of the

environment, public health and welfare, and adverse impacts

• Eliminating remedial alternatives based on order of magnitude
costs

The National Contingency Plan (NCP) requires a detailed evaluation
of the limited number of alternatives remaining after the initial
screening. The NCP specifies that the detailed analysis of each

alternative shall include the following (40 CFR 300.68(h)):
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• refinement and specification of alternatives in detail;

• detailed cost estimation;

• engineering evaluation in terms of implementation, reliability,
and constructability;

• evaluation of effectiveness to protect public health, public
welfare, and environment; and

• evaluation of'any adverse environmental impacts.

The FS Guidance Document addresses this requirement with the

evaluation of the following five considerations (Reference 14):
(1) technical feasibility, (2) institutional concerns, (3) public health,
(4) environmental concerns, and (5) cost.

Based on available information in file documents and from the zone
visit, apparently no PRP in Zone of Contamination 1 has undertaken any

type of remedial action to date. Thus, no feasibility study was
available for evaluation by Versar. Although Granite Knitting Mills did
remove their dry cleaning machine and the PCE storage tank, this was done

as a business transaction and not with the intent of remediation. No
further information is available about any possible remedial activities
at any of the ifces.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

This section summarizes the findings of this technical evaluation,
and provides specific recommendations to enhance any further assessment
or remedial studies which may be performed for Zone of Contamination 1.

Since no remedial investigation (RI) or feasibility (FS) study has been
performed within the zone, it was not expected that all EPA criteria for

an RI/FS be met. However, certain minimal steps should be taken to
ensure that any selected remedial actions will be appropriate and
effective, provided that a comprehensive RI has been performed to clearly

define site problems and requisite cleanup standards.

Section 6.1 summarizes the deficiencies found in the information and

data currently available about the three PRPs within Zone of
Contamination 1. Section 6.2 summarizes information that could more
closely associate any of the PRPs as a source of the contamination in the

zone, while Section 6.3 provides recommendations for further studies that
could improve characterization and remedial studies in the zone.

6.1 Summary of Program Data Deficiencies

6.1.1 Contamination Assessment and Site Characterization

• The available data lacks relevant demographic and land use
information.

• The available data lacks any characterization of local natural
resources.

• The NUS reports (References 9 and 10) fail to adequately
address the available data on meteorological and climatological
site characteristics.

• The effects of seasonal fluctuations in precipitation and
evapotranspiration on ground-water flow are not explained.

• Information on flood frequency, wind patterns, detailed
temperature statistics, and frequency of thermal inversions is
not discussed.

• Site topographic maps lack clear representation of plume
boundaries and significant features such as wells and buildings.
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• Map scale should be enlarged to 1"=200' and appropriate
two-foot contour intervals included.

• The hazardous substances disposed or released within the zone
of contamination have not been fully identified.

• More complete information is needed about the types and forms
of wastes, methods of waste disposal or treatment, and
frequencies and duration of waste disposal or release. In
particular, more of this information is needed from Gentle
Cleaners and Parkside Apartments, and if possible, from previous
tenants of the Parkside Apartments property.

• The physical and chemical characteristics and the expected
environmental transport and fate of any potential chemical wastes
were not available in the current information.

• Site-specific -information on soils and the underlying bedrock
does not exist.

• Lithology, structure, and stratigraphy within the zone is only
generally represented by regional documents.

• No visual representations of onsite geology, such as geologic
cr ss sections or maps, are currently available.

• Site-specific information on aquifer properties, particularly
quantitative information such as porosity, hydraulic
conductivity, and aquifer thickness, is not available.

• Information on nearby sources and sinks of ground water,
particularly local NPWA pumping well information, is not
sufficient.

• Information on well construction specifications and well
integrity is missing.

• The relationship between the aquifer and local surface water is
not addressed.

• Procedures and results for the pump test on NPWA well S-9 in
1986 are not .presented.

• Large amounts of ground-water quality data are missing from the
available information.

• QA/QC information is not clearly presented.
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• The plume of contamination is poorly defined and no explanation
of the criteria used to locate it is given.

• Surface water characteristics specific to Zone of Contamination
1 are not described. Volume of flow, depths, flow rates,
contaminant loading rates and other physical aspects of surface
water flow are not available.

• Surface water quality has not been assessed.

• No information regarding air quality or physical
characteristics is available in the current information.

• Air quality is not of primary concern in this zone due to the
nature of the contamination. However, should a proposed remedial
action pose a potential release of volatiles to the atmosphere
(e.g., air stripping), then an air quality assessment should be
performed.

• Complete information on biota within the zone of contamination
is not available.

• Routes of potential exposure to the ecosystem have not been
investigated.

• No bench or pilot studies have been performed for this zone.

• All contaminants expected to be found within the zone have not
been identified.

• The hazards associated with contaminants have not been
identified.

• Exposure points and exposure routes for humans and wildlife
have not been fully defined.

• All contaminant sources, either current or past, have not been
identified.

• No information on the transport or fate of the contaminants is
included in the current data.

6.1.2 Remedial Programs

Since remedial programs or studies have reportedly not been
performed by any of the PRPs located within the Zone of Contamination 1,
Versar could not evaluate the adequacy of remedial programs relative to
EPA criteria and guidelines.
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6.2 Summary of PRP Relationships to Sources of Contamination

Since there is little available information regarding most aspects
of Zone of Contamination 1, it is difficult to develop or confirm
relationships between the individual PRPs and possible sources of
contamination. Some generalizations may be made based on preliminary
evaluation of technical factors alone, with the reservation that not
enough detail is available about the zone to definitively evaluate

whether a current PRP is a possible contributor to the contamination.
These generalizations are listed below.

• Although flow has not been specifically defined for this zone,
flow in this part of the region is generally north northeast to
south south-west (Reference 10).

• PCE contamination was originally detected in NPWA well S-9
(Reference 9).

• Gentle Cleaners is located at the topographic high of the zone
and is presumably upgradient of Granite Knitting Mills, Parkside
Apartments, and NPWA well S-9. Granite Knitting Mills is located
approximately 200 feet southwest of Gentle Cleaners,
approximately 1,200 feet northeast of NPWA well S-9. The mill is
also presumably upgradient of well S-9, while Parkside Apartments
is located 100 feet south and downgradient of NPWA well S-9
(Reference 9).

• The highest concentration of contaminants in the ground water
was detected in the well on Granite Knitting Mills property. In
1985, concentrations of PCE at 35.5 ug/1 and 1,1,1-TCEA at
249.5 ug/1 were detected by NUS (Reference 10). NPWA has
reported concentrations of 61 ppb of PCE in this well (Reference
10). The Granite Knitting Mills well is located on the north,
upgradient, and on the opposite side of the building from where
the company had its dry cleaning machine and PCE storage tank.
However, the well is located apparently downgradient of Gentle
Cleaners property.

• The concentrations of contaminants appear to decrease south
(downgradient) of the Granite Knitting Mills well (Reference 9
and 10).

• Low levels of PCE (1.7 ug/1) were detected in NPWA well S-10,
located approximately 1,200 feet downgradient of Parkside
Apartments and on the opposite side of the tributary to Skippack
Creek (Reference 9).
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• There is documentation associating Gentle Cleaners with the use
of PCE and 1,1,1-TCEA, two compounds which were detected in NPWA
wells in the zone (Reference 10). There may be documentation of
deliberate release of PCE to the environment by Gentle Cleaners '•
(Reference 1).

• There is documentation associating Granite Knitting Mills with
the use of PCE, which also was detected in NPWA wells in the zone
(Reference 10).

• There is no documentation that PCE or other types of chemicals
detected in NPWA wells in this zone were once used on the site
which now houses Parkside Apartments (Reference 10).

• Currently, no information is available to confirm the existence
of an underground storage tank at either the Gentle Cleaners or
Parkside Apartments property.

• NPWA well S-2, located upgradient and approximately 1,900 feet
north of the Granite Knitting Mills well, may have begun to show
indications of contamination. It is not clear whether this
contamination is related to that found in Zone of Contamination 1
(Reference 1).

• No evidence of release was observed during the May 8, 1987,
site visit.

6.3 Recommended Additional Studies

6.3.1 Site Characterization Information

Due to the lack of technical information regarding contamination

assessment and characterization of Zone of Contamination 1, a remedial
investigation is recommended to accurately describe the zone, define site

problems, develop general response actions which could attain clean-up
standards, and possibly provide preliminary identification of probable
pollution sources in the zone. Versar recommends that the following be
used as guidance for further characterization studies, or when a complete
RI is initiated, according to U.S. EPA criteria and guidelines for a RI.

• A demographic analysis of the area surrounding Zone of
Contamination 1 should be conducted. This analysis should extend
for a radius of approximately one mile from the zone, addressing
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the age and geographic distribution of population, the
socioeconomic setting of the area, and the potential
socioeconomic impacts resulting from a contaminant release. Most
of this information should be available from the U.S. and state
Census Bureaus (Reference 13) .

Conduct a land use analysis of the area surround the zone for a
radius of approximately one mile. This analysis should include a
prediction of land use changes over the next several years
(Reference 13) .

Conduct a natural resources inventory of the area for a radius
of approximately one mile from the zone. This inventory should
address the resources that may be affected by exposure to the
contaminants (Reference 13) .

Describe the natural resources with respect to residential,
commercial, recreational, and aesthetic importance (Reference 13).

Evaluate the effects a potential contaminant release would have
on the locate natural resources, emphasizing those resources
affecting lifestyles and economic stability (Reference 13).

Describe the characteristics of the local and regional
meteorology and climate. This description she aid include
precipitation; temperature; wind speed and direction; potential
for thermal inversions; and frequency of weather extremes,
including storms, floods and high winds (Reference 13).

^ the topographic characteristics of the local and
regional area surrounding the zone for approximately one mile.
Included in this description should be a topographic map prepared
to horizontal scale of 1 inch equals 200 feet showing elevations
with respect to mean sea level in 2-foot contour intervals. This
map should show all surface features such" as buildings, roads,
railroads, lakes, and rivers. All monitoring and supply wells
should also be shown as well as a clear representation of the
contaminant plume boundaries (Reference 13).

Profile data for each of the contaminants found in Zone 1
should be consulted to determine the physical, chemical, and
biological characteristics of these compounds (Reference 13) .

The environmental transport and fate of the identified
contaminants should be evaluated for their movement through soil,
ground water, surface water, and air. Dispersal should consider
effects of volatilization and dilution, while fate mechanisms
should consider biodegradation, photo-chemical oxidation,
sorption processes, and bioaccumulation (Reference 13).

-50-

200053



• Use waste manifests or logs to provide information on the
specific types, volumes, and forms of wastes that were disposed
or released at the site. (This information should complement the
types of analyses to be performed during environmental sampling)
(Reference 13).

• Methods of disposal and/or release mechanisms need to be
identified. Sources of contamination should be identified based
on historical waste handling activities and interview with
persons knowledgeable about past site activities (Reference 13).

• The soil characteristics, structure, and variation in the zone
should be defined (Reference 13).

• Zone specific information on the lithology, structure, and
stratigraphy of this -area should be defined (Reference 13).

• Information on aquifer properties such as porosity, hydraulic
conductivity, and aquifer thickness should be defined.

• Information on nearby sources and sinks of ground water,
particularly local NPWA well information, should be expanded.
Well construction specifications should be included for both NPWA
wells and any local private wells.

• Aquifer characteristics and relationships, including hydraulic
connections with surface water bodies and discharge and recharge
rates, should be defined (Reference 13).

• Details on the pump test on NPWA Well S-9 should be provided,
and additional tests should be conducted as needed to aide in
defining aquifer characteristics.

• Historical ground-water quality data should be presented and
supplemented by data collected during additional studies.

• QA/QC information should be more clearly presented.

• The horizontal extent of the contaminants should be
comprehensively defined in the aquifer (Reference 13).

• The vertical extent of all contaminants detected in the ground
water should be defined (Reference 13).

• Discuss the possibility of contaminant migration through
surface water runoff, sediment transport, and base flow.
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• Investigate the physical aspects of surface water flow for the
tributary to Skippack Creek such as volume of flow, depth, flow
rates, and contaminant loading rates.

• Assess the quality of the surface water.

• In the event that treatment of the contaminated groundwater
results in the potentially significant emission of contaminated
vapors (e.g., as may occur during air stripping), an air quality
investigation should be conducted. Wind speed and direction; as
well as the number, geographical distribution, and location of
potential receptors should be considered in this investigation.
Upwind and downwind air quality should also be evaluated.

• Conduct a plant survey (including aquatic species) and consult
available public records of the area to identify (1) major
vegetative patterns and plant communities, (2) types and
diversity of vegetation, and (3) their relative abundance, and
(4) unique, rare, and endangered plant species (Reference 13).

• Assess the past and present human influence or dependence on
the local vegetation including aesthetic and nutritional
dependence (Reference 13).

• Concact an animal survey including aquatic species of the area
and consult available public records to identify (1) resident and
seasonal species and population sizes, (2) unique, rare, and
endangered species, and (3) important habitats present in the
area (Reference 13).

• Assess the past and present human influence or dependence on
local wildlife including aesthetic and nutritional dependence
(Reference 13).

• Provide test plans and data summaries for any bench and pilot
scale studies performed for screening or evaluating remedial
technologies.

• Data relevant to characterizing possible effects of VOC-
contaminated ground water on human, biological, and ecological
receptors in and around the plant site should be gathered and
evaluated. Also, other media (e.g., soil) should be assessed for
contamination and evaluated for possible effects as well
(Reference 13).

6.3.2 Remedial Programs

Versar recommends that a feasibility study should be performed in
Zone of Contamination 1, to allow determination of the most cost-effective
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remedial action, only after a comprehensive RI has been completed for the
zone or for individual PRP facilities. Then, remedial alternatives
addressing the site problems and capable of attaining requisite clean-up

standards can be developed, screened, and evaluated in detail.

EPA's criteria and guidelines for a feasibility study are described
in the FSGD (Reference 14), and were summarized earlier in this report in
Section 5.0. Before any remedial activities are initiated in Zone of
Contamination 1, Versar recommends that the following items be considered:

• One of the primary concerns in the North Penn area is the
growing scarcity of water supplies. For this reason, one of the
major goals of any remedial action taken should be to protect the
water resources currently available. One possible activity might
be to continuously pump the contaminated wells to create a cone
of depression which would prevent or decrease the migration of
contaminants towards other wells.

• Treatment technologies for the removal of chlorinated organics
from the ground water should be reviewed. Treatment of the water
in a manner which would result in a potable water source would be
beneficial. One method of treatment that has been employed in
other zones in the North Penn area is air stripping. Air
stripping in combination with other processes, such as carbon
adsorption, may eliminate contaminants and produce potable water.

• Treatment of the ground water is a primary concern in Zone of
Contamination 1. However, if soil contamination is detected
during the RI, then remedial alternatives for the treatment
and/or disposal of contaminated soils should be developed.

• Currently, problems with air emissions do not appear to be a '
concern in this zone. However, should remedial measures be
employed which might compromise the air quality (e.g., air
stripping) then technologies for the control of air emissions
should be reviewed.

• A continuous ground water monitoring plan should be developed
to accurately detect the extent of the contamination plume, and
indicate the effectiveness of any remedial measures implemented.

6.3.3 Characterization of PRP Relationships to the Contamination

Use of hydraulic gradient as the sole means of associating a PRP
facility with the ground water contamination is not reliable due to the
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localized flow directions and complex geology in Zone of Contamination 1.

The following recommendations are offered in aid in further

characterizing possible relationships of PRP facilities to the
contamination in this zone:

• Investigate the chemicals used and wastes generated by former
occupants of the facilities currently listed as PRPs for this
zone. Specifically, more detailed information is required for
the dry cleaning establishment which previously operated on the
Parkside Apartments property.

• Determine if additional PRPs exist in the Souderton area which
may have contributed to the contamination.

• Review the PRP search currently being conducted to determine if
the above points have been investigated.

• Obtain additional information on the chemical storage and
handling practices at the Gentle Cleaners facility, and at any
additional facilities which may be responsible for the
ground-water contamination.

• Determine the possibility of a past release and the probability
of future releases of hazardous materials from any PRP facility
associated with the contamination.

• Sample and analyze the soil at various depths around the
storage or handling areas of these PRP facilities.

Additional technical information may be needed to develop, confirm,
or reinforce a PRP's relationship to the contamination. This information
may include the following:

• Locations of contaminated wells (public, commercial, and
private) in relation to the PRP facilities.

• Well depths and pumping rates.

• Zone-specific geological and hydrogeological information
obtained from well logs and boring.logs.

• Site specific soil information and soil contamination
assessment.

• Contaminant plume concentrations and extent.
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EXECUTIVE SUMMARY

To properly understand and evaluate the nature and extent of
ground-water contamination in Montgomery County, Pennsylvania, a review
of the local geology and hydrogeology is necessary. Stratigraphy,
aquifer characteristics, and the structural and geomorphic qualities of
the subsurface environment are important in interpreting ground-water
flow.

The following report provides an overview of regional hydrogeologic
parameters of concern with respect to known contamination of the North
Penn Water Supply. Rock strata are characterized by lithologic
properties, and by water-bearing characteristics. Structural features
are also outlined, and surface water and soil properties are discussed in
a section on regional geomorphology. Aside from a regional
hydrogeological picture, the importance of any localized subsurface
characteristics which may affect regional ground-water flow patterns is
emphasized.
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1.0 INTRODUCTION

1.1 Location

Montgomery County is located in southeastern Pennsylvania and
occupies an area of 491 square miles. The county is situated northwest
of the city of Philadelphia and is surrounded by Berks, Bucks,
Philadelphia, Chester, and Delaware Counties. The Schuylkill River, the
county's major drainage basin, forms its southwestern border (see
Figure 1).

1.2 Physiography

Montgomery County lies within the Piedmont Physiographic Province, a
region of low hills and ridges with a topography that gently slopes to
the southeast. The county is further separated into two physiographic
sections of the Piedmont: the Piedmont Upland in the southern third of
the county, and the Triassic Lowland in the northern two-thirds. Surface
elevations within the county range from 200 feet to about 600 feet above
mean sea level. The topography is a result of both stream erosion arid
differential resistance to weathering of the underlying bedrock
(Rima, 1955). Resistant lithologies form the ridges, which trend
northeast-soutniast. Lowlands, comprising the majority of the county,
are underlain by less resistant bedrock.

The area is drained by the Schuylkill River and several smaller
tributaries. Streams generally follow the northeast-southwest trend of
the ridges. However, where a water gap exists in a ridge, stream flow is
to the southeast (Rima, 1955).

1-3 Climate and Vegetation

The climate of Montgomery County has been termed humid-continental,
with warm, humid summers and moderately cold winters. Average annual
temperature is 57°F, with an average monthly range from 32°F in January
to 77°F in July. Average annual precipitation ranges from 42 inches
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Figure 1. 'Location of Montgomery and Surrounding
Counties in Southeastern Pennsylvania.
(From Newport, 1973) .
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in the southern portion of the county to 47 inches in the north, and is
generally evenly distributed throughout the year (Biesecker, 1968). At
times, however, heavy thunderstorms will occur. Because soils in the
area have low infiltration capacities, much of the storm water runs off
and local flooding and considerable erosion can occur (USDA, 1967).

In terms of land use, most of the county has seen industrial and
residential development, but some farmland is still present. The
dominant vegetation is oak, hickory, and yellow poplar, and contributes
to considerable evapotranspiration. As much as 26 inches of the water
that falls annually is lost through evaporation or transpiration
(Newport, 1973).
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2.0 REGIONAL GEOLOGY

2.1 General Features

The bedrock of Montgomery County is exposed over much of the area
and represents a large portion of the geologic time scale, as the
stratigraphic column in Figure 2 indicates. Most of the county, however,
is underlain by Triassic formations of the Newark Group, the largest
Triassic basin in the United States, extending from the Hudson River in
New York to Northern Virginia. It is these Triassic formations which are
most significant from a hydrologic standpoint. Their stratigraphy is
detailed in the following subsections. Water-bearing properties, well
yields, and water quality are discussed in Section 3.

2.2 Stratigraphy

The Triassic formations described are conformable units of
alternating sandstones and shales, with diabase intrusions in the
northern portion of the county. All formations bear water and are named
from oldest to youngest, the Stockton Formation, the Lockatong Formation,
and the Brunswick Formation (Figure 3). In these units, the strata dip
to the west or northwest an average gradient of 20°, except near diabase
dikes, where dips up to 50° have been recorded (Hall, 1934). Based on
dip and outcrop width, the total thickness of the Triassic formations is
estimated to be greater than 18,000 feet (Rima, 1955).

2.2.1 Triassic Water Bearing Formations

2.2.1.1 Stockton Formation

The Stockton Formation consists of interbedded layers of sandstone
and shale, with an overall thickness of 6,000 feet near the Montgomery
County-Bucks County border. The beds dip to the northeast between 5° and
25°, and contain small normal faults and vertical joints scattered
throughout the county. Because of the varying lithology among beds, the
Stockton Formation has been divided into three members {Rima, 1962;
Newport 1973), each with slightly different stratigraphic characteristics.
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Lower Member

The lower, and thus oldest, member of the Stockton Formation
consists of red to gray, medium-to-coarse-grained arkosic sandstone and
conglomerate. Interbedded with this sandstone are numerous lenses of
silty, sandy red shale. The member is about 1,500 feet thick at the
Montgomery-Bucks County border, and gradually thins eastward.

Middle Member

The middle member of the Stockton Formation is comprised of brown,
red, and gray, fine and medium-grained arkosic sandstone, and thick beds
of red shale and siltstone. The largest member, this unit reaches a
maximum thickness of 4,200 feet near the Montgomery-Bucks County border,
and thins towards the west.

Upper Member

Quite different from the lower two members, the upper member
contains very .line-grained arkose and siltstone and is capped by an
extremely hard and resistant layer of red and gray shale (argillite).
Thinning westward, the upper member has a total thickness of
approximately 600 feet at the Montgomery-Bucks County border.

/
2.2.1.2 Lockatong Formation

Interfingering with the upper shale member of the Stockton
Formation, the Lockatong Formation contains massive beds of medium to
dark gray argillite interbedded with thin beds of gray to black shale,
siltstone and marlstone. Large amounts of analcime (up to 40 percent)
are present along with dolomite, feldspar, clay, quartz, and scattered
pyrite (Long-will and Wood, 1965). Calcite is also quite common in
joints, of which there are not many and are narrower and more widely
spaced than in the other Triassic formations (Newport, 1973). In
Montgomery County, the Lockatong Formation reaches a maximum thickness of
4,000 feet at the Montgomery-Bucks County border, and thins to
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approximately 1,500 feet at the Schuylkill River on the southwestern
border of Montgomery County. Beds dip to the northwest an average of
20 degrees.

2.2.1.3 Brunswick Formation

The Brunswick Formation is the most extensive unit in the Triassic
basin. Dipping 20° to the north and northwest, it underlies over
300 square miles of Montgomery and Berks Counties. At the Montgomery
County-Bucks County border, it is approximately 9,000 feet thick and
thickens westward to a maximum of 16,000 feet. The formation consists of
thin, discontinuous beds of reddish-brown shale interbedded with
siltstone and mudstone. Marble-sized calcareous concretions and thin
layers of limestone are present in the Lansdale area (Rima, 1955).

The base of the Brunswick Formation interfingers with the Lockatong
and is composed of thick-bedded red argillite. The upper beds grade into
limestone breccias beyond Montgomery County's northern border.

As in the Lockatong Formation, fractures and joints in the Brunswick
are partially filled with calcite, but are wider and more extensive.
There are also several faults and diabase intrusions throughout the
formation {Rima, 1955).

2.2.2 Diabase Dikes and Sills

In the northern part of the county, diabase dikes and sills of Upper
Triassic age intrude the Brunswick Formation. Dikes, igneous intrusions
which cut across bedding planes, are thin, between 5 and 100 feet, but
may extend as much as 75 miles laterally across the county. Sills follow
the bedding planes into which they were intruded. In Montgomery County,
sills have been documented to be greater than 1,000 feet thick in some
locations (Rima, 1955). Both dikes and sills are composed of very dense,
fine-grained black diabase containing 90 to 95 percent augite and
labradorite (Longwill and Wood, 1965).

-8-
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2.3 Hydrogeology

2.3.1 General Features

All the formations in the Newark Group of Montgomery County are
considered aquifers. Each unit produces some amount of water, although
some lithologies are much better aquifers than others. Because these
formations are composed of consolidated rock rather than unconsolidated
sediments, ground water is present in secondary porosity features such as
joints, fractures, and faults. Those aquifers which are the best water
producers generally have the greatest amount of secondary porosity.

Confined (artesian) aquifers are the most extensive type of aquifer
in Montgomery County. Unconfined (water table) aquifers are also
present, but to a lesser extent, and normally occur in valleys. The
water table in shallow unconfined aquifers is usually close to the
surface in the valleys and rises toward the ridges, although at a lower
gradient than the rise in land surface. Hence, water levels are much
deeper below land surface in the ridges than in the valley areas
(Longwill and Wood, 1965).

As a result of the humid climate, seasonal evapotranspiration is the
biggest factor affecting water level fluctuations. Under typical
seasonal weather patterns, confined and unconfined water table elevations
decline during the growing season (April to October), and are recharged
during the remainder of the year. Recharge points may occur locally
along ridgetops or over broad areas where bedrock is close to the
surface. Deep artesian aquifers in the Triassic formations vary in size
and ground-water storage. Confined aquifers are normally perched between
leaky silt or clay aquitards, drawing some of their water yield from thin
confining beds when pumped (Biesecker, 1968).

Formations in the Newark Group in Montgomery County are all
conformable units and interfinger with one another in gradational
contacts. As a result, the Stockton, Lockatong, and Brunswick Formations
are in good hydraulic 'connection. Ground water, and possible
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contaminants along with it, can migrate across the entire region because
confining beds also transmit water, although at slower rates than the
more permeable beds. Diabase dikes and sills are impermeable, except in
zones near the surface where weathering and fracturing have produced
solution channels. Impermeable zones of diabase intrude only small
portions of Triassic aquifers and do not have a large effect on
ground-water migration (Rima, 1955).

2.3.2 Stockton Formation

Although secondary porosity dominates water yields of this
formation, the degree of sorting and cementation in the three members of
the Stockton Formation also affects yields and capacities of
water-bearing units. *

The middle member is the best water producer due to the presence of
well sorted sandstone beds with a high porosity. Wells penetrating the
middle Stockton member have an average yield of 131 gallons per minute
(gpm) (Newport, 1973).

The lower member is poorly sorted compared to the middle member and,
as a consequence of reduced porosity, yields from wells are lower,
averaging 106 gpm. The upper shale member of the Stockton Formation is
the poorest water producer, with yields from wells only averaging
19 gpm. The low-permeable sediments are too fine and compacted to have
greater yields (Newport, 1973).

Water quality for the Stockton Formation is generally good. Waters
are hard to very hard, with a medium hardness of 130 mg/1, and are of the
calcium-bicarbonate type, reflected by their neutral-to-alkaline pH
(ranging from 7.2 to 8.5). Median total dissolved solids (TDS) content
is 200 mg/1 (Koester and Miller, 1982).

2.3.3 Lockatong Formation

The Lockatong Formation is the poorest source of ground water in the
sedimentary rocks in the Triassic Basin of Montgomery County. The shales
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and mudstones of the formation are fine-grained and too densely compacted
to have any significant permeability. In addition, the joints and
fractures that can hold water (secondary porosity) are narrow and widely
spaced (as outlined in Section 2.2.2). As a result, wells tapping the
Lockatong shale yield only 4 to 40 gpm of water (Newport, 1973).
Furthermore, because the Lockatong Formation is a resistant shale and
forms the ridges in the area, unconfined water tables are naturally low,
and also cannot receive direct recharge from the low-lying streams. The
quality of water from the Lockatong Formation is generally good, however
the water is hard (median hardness 220 mg/1) and moderately alkaline as
in the Stockton Formation. Total dissolved solids content averages
300 mg/1 and values for pH average 7.8 (Koester and Miller, 1982).

2.3.4 Brunswick Formation

The Brunswick Formation also has small grain size and low primary
porosity, but secondary porosity from fractures and joints makes the unit
a good source of ground water. Joints are wide and extentive and many
are vertical, which allows for good recharge percolation (Newport,

1973). Well yields in the Brunswick vary between 100 and 200 gpm due to

variable bed thickness (affecting transmissivities) and variable degrees
of jointing. Lens-type deposition also causes variability on an areal
extent. Generally, production wells penetrating the Brunswick Formation
deeper than 200 feet will have yields between 100 and 200 gpm, and as
high as 350 gpm. It is believed that above 200 feet, joints are often
plugged with clay, thereby reducing permeability (Longwill and Wood,
1965). Water quality of the Brunswick is similar to that of the
Lockatong Formation, with median TDS content at 300 mg/1 and a median
hardness of 220 mg/1. Average pH is 7.3 (Koester and Miller, 1982).

2.4 Structural Features

The structural geology of Montgomery County is not complex. Rock
strata dip uniformly to the north and northwest between 10° and 35°,
except where diabase dikes have intruded, increasing the dips of
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sedimentary strata up to 50° (Hall, 1934). These zones of igneous
intrusion are found principally in the northern part of the county, where
several broad synclines and anticlines are also'present, creating
alternating outcrops of the Brunswick and Lockatong Formations. The axes
of the synclines and anticlines trend northwest-southeast.

The rock units contain many scattered, relatively small faults, and
three major fault zones (see Figure 4): (1) a fault running east-west
along the southern boundary of the Stockton Formation running into Bucks
County, (2) a series of faults displacing the basal contact of the
Stockton Formation, and (3) the Chalfont Fault, an east-west normal fault
with a 3,000 foot displacement, running between Hatfield and Souderton.

Joints and fractures, as mentioned earlier, are the most extensive
structural features of the Montgomery County rocks. Vertical jointing is
prominent in the Brunswick Formation, where they intersect in vertical
planes and are on the average only 6 inches apart. It is this extensive
jointing that as generated the high secondary porosity of the Brunswick
Formation. Joint systems are similar in the Lockatong shale, but are
narrower and more widely spaced. The Stockton Formation has joints and
fractures both perpendicular and parallel to bedding planes, and are well
distributed in the- formation (NUS Corporation, 1986).

2.5 Geomo rpho1ogy

2.5.1 General Features

The principal geomorphic features of Montgomery County are gently
rolling hills and low-lying areas, with an overall gentle slope to the
southeast. Resistant lithologies form the ridges throughout the county.
In the southern portion of the county, ridges in the Stockton Formation
run parallel to strike and are underlain by conglomerates. Depending on
the thickness of the underlying resistant beds, the ridges may be broad
or narrow {Rima, 1962). In the northern part of Montgomery County, the
resistant argillite of the Lockatong Formation and intrusive diabase form
the ridgetops in a series of northeast-southwest-trending anticlines.
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Figure 4. Geologic Map of the Newark Group in
Southeastern Pennsylvania (From Rima.
1962)
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Lowlands occupy most of the county and indicate the former presence
of less resistant lithologies now eroded by fluvial, alluvial, or aeolian
erosion processes.

2.5.2 Drainage

Montgomery County is drained by tributaries of the Delaware River
(Figure 6). As much as 15 to 21 inches of annual precipitation
(approximately 33 percent) goes to streamflow (Rima, 1955). In the
southern two-thirds of the county, Wissahickon and Towamencin Creeks flow
to the southwest and empty into the Schuylkill River. The Schuylkill
River forms the southeastern border of Montgomery County.

In north-central Montgomery County near the Bucks County border,
Neshaminy Creek flows to the northeast and then turns southwest,
ultimately emptying into the Delaware River. Most of the northern and
central portions of the county are 'drained by the Perkiomen Creek and
Skippack Creek drainage basins which flow southwest, combine, and
discharge into the Schuylkill River.

Because of the county's erosional topography, which is directly
related to folding of the underlying bedrock, drainage patterns run
parallel to the ridges, generally trending northeast-southwest. In some
areas within Montgomery County where ridges are breached (water gaps),
streams flow to the southeast.

2.5.3 Soils

As the soil map in Figure 5 illustrates, county-wide soil
characteristics vary greatly. In the study areas of north-central
Montgomery County, however, two soil associations predominate. In
Lansdale and Souderton Townships, the Reaville-Penn-Klinesville
Association is found. These soils, weathered from red shales, are
reddish brown in color. Slopes range from level to steep (up to
25 percent) and depth to bedrock ranges from 10 inches to 3 feet where
this soil association dominates. Permeability is low due to clay
content, and these soils remain saturated during much of the year (USDA,
1967).
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Figure 6. Drainage map for Montgomery County
(From Newport, 1973)
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The second predominant soil group in the north-central part of the
county, the Abbottstown-Readington-Croton Association, occupies
irregularly shaped regions. Soils of this group are also reddish brown,
weathered from red, black, and brown argillites of the Lockatong
Formation, and contain coarse shale fragments. Slopes are gentle or
nearly level, and depth to bedrock varies between 3 to 8 feet. As with
the previous soil association, the Abbottstown-Readington-Croton soils
have moderate to low permeability and often have a high moisture
content. Vadose zone ground-water flow is further hindered by fragipans,
densely compacted layers in the soil profile that are virtually
impermeable to infiltrating water, and even root growth (Brady, 1974).
Fragipans in the soil zone are scattered throughout the study area in
north-central Montgomery County and do not seem to have any consistent
spacial distribution within the study area. However, where known to be
present, they should be considered when determining local hydrogeological
conditions. Fragipans result mainly from heavy compaction rather than
high clay content or cementation. They occur in lenses *md can be
several inches to several feet thick. Fragipans block vertical water
movement. On slopes, ground water can flow along the surface of a
fragipan (Buol, 1980).

200081



3.0 HYDROGEOLOGY OF NORTH-CENTRAL MONTGOMERY COUNTY
*

On a regional scale, Montgomery County can be considered a single
watershed that discharges into the Delaware River. The drainage pattern
empties into one source and, ignoring some spatial variability in well
yields, the three Triassic formations {Stockton, Lockatong and Brunswick)
can be considered as an interconnected aquifer system with no significant
aquicludes or aquitards. However, a more localized hydrogeologic
assessment is necessary when studying specific contamination sites in
north-central Montgomery County, as ground-water flow is likely to be
affected by local heterogeneities. Joints and fractures in the bedrock
and fragipans in the soil" zone may be widespread throughout the study
areas. Due to thin soil zones and the presence of macropores in the
bedrock from joints and fractures (secondary porosity), there may be
direct hydraulic pathways for contaminants at the surface to infiltrate
down to the deeper bedrock aquifers. Similarly, proximity to a fault
will likely distort water elevations and ground-water flow directions and
ultimately affect contaminant migration pathways.

Contamination problems close to a stream would need to take into
account site-specific ground water-surface water hydraulic interactions.
Variability of soils over smaller areas could affect the local
hydrogeological framework and is a further variable in the
characterization of contamination in a specific area. Consequently,
although regional geology and hydrology will be fairly similar in the
region, the hydrogeology of each zone of contamination should be
interpreted and evaluated on a local level with available site data and
then related to a regional perspective. Available relevant
site-specific geology for each zone of contamination has been outlined in
Section 2.4 of the main report.
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4.0 SUMMARY

Montgomery County, Pennsylvania, in the Triassic Lowland and
Piedmont Upland Physiographic Sections, is a well-drained region of
undulating ridges and valleys. The county is underlain by shales and
sandstones of the Newark Group, namely the Stockton Formation sandstones
and conglomerates, the Lockatong Formation argillite, and the Brunswick
Formation shale, with diabase intrusions in the northern regions of the
county.

All three sedimentary formations are aquifer units with water
storage predominately in joints and fractures. Water-bearing capacity
varies among the formations due to the variability in sediment sorting
and compaction and the degree of jointing and fracturing. The Brunswick
Formation is the most extensively jointed of the three sedimentary
formations. Wells tapping the Brunswick Formation produced water yields
in excess of 200 gpm. The Stockton Formation has well-sorted
lithostatigrapbic beds and fairly extensive jointing. Yields from
production wells tapping the Stockton Formation average 130 gpm. The
Lockatong Formation is densely compacted and joints are generally narrow
and widely spaced; consequently yields from wells are much lower,
averaging less than 40 gpm.

The aquifer characteristics of each formation (hydraulic
conductivity, porosity, storage) are fairly consistent county-wide, yet
local differences related to fracture density and soils require that
site-specific hydrogeologic investigations be performed when
characterizing a zone of contamination. Local relationships such as
proximity to faults, streams or pumping centers and variability of soils
may vary from the regional hydrogeologic parameters discussed here.
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1.0 INTRODUCTION

On Friday, May 8, 1987, Jeri Bulley, James DiClementi, Alicia
Fleitas, and Patricia Watterson of Versar Inc. traveled to Souderton,
Montgomery County, Pennsylvania to visit Zone Contamination No. 1. The
purpose of the visit was to obtain additional site background information

to assist Versar in evaluating existing contamination assessment and site
characterization data for this zone. The potentially responsible parties
(PRPs) within this zone include Granite Knitting Mills Inc., Gentle
Cleaners, and Parkside Apartments. Arrangements were made to visit the
Granite Knitting Mills site to gain firsthand knowledge of the facility
layout and surroundings. The site visit was coordinated by U.S. EPA
Region III with Granite Knitting Mills, Inc. and their legal counsel. In
addition to visiting the Granite Knitting Mills site, a quick drive-by

inspection of the other two facilities in this zone. Gentle Cleaners and
Parkside Apartments, was planned to familiarize Versar with these PRPs.

2.0 SUMMARY OF SITE ACTIVITIES

At approximately 2:50 p.m., Versar and EPA officials were met at the
Granite Knitting Mills site by the company officials. Individuals
present during the site visit included:

Humane Zia • U.S. EPA Region III, CERCLA Remedial Enforcement
Kate Siftar U.S. EPA Region III, CERCLA Remedial Enforcement
Lake Clemmer President, Granite Knitting Mills, Inc.
Kerry Gingrich Vice President, Granite Knitting Mills, Inc.
James W. Maza Legal Counsel, Souder, Rosenberger, Lapp and Bricker
Jeri Bulley Versar Inc.
James DiClementi Versar Inc.
Alicia Fleitas Versar Inc.
Patricia Watterson Versar Inc.

The site visit began with a tour of the Granite Knitting Mills
facility grounds, and a walk through the building. Specific areas which
were inspected included the Granite Knitting Mills well, the room which
housed the dry cleaning machine and the tetrachloroethylene (PCE) storage
tank, the area where PCE was transferred from trucks to the PCE storage
tank, and the area where drums of waste PCE were stored prior to pickup.

-1-



All areas were photographed. Throughout the tour Mr. Clemmer, Mr.
Gingrich, and Mr. Maza provided historical information on the facility's
operations and additional information about the other PRPs in the zone.
During these discussions, the facility representatives mentioned
information about Gentle Cleaner's practices which had been verbally
given to them by Mr. Harry Borcher of the North Penn Water Authority
(NPWA). Versar later verified this information with Mr. Borcher.

Along with the tour of the facility. Granite Knitting Mills provided
a driving tour of Souderton which included a look at the other PRPs,
Gentle Cleaners and Parkside Apartments, and NPWA well S-9. During the
tour. Granite Knitting Mills representatives also pointed out and
mentioned several facilities which they believe might have used organic
solvents and might have contributed to the current contamination problem.

A summary of the information obtained during the site visit will be
presented in Section 2.3 of the Evaluation Report.

3.0 PROBLEMS AND RESOLUTIONS

There were no major problems associated with this inspection.

4.0 RECOMMENDATIpNS

The site visit was useful in providing firsthand knowledge of the
facility layout, features, and surroundings. Developing a clear picture
of the site is valuable for completing subsequent tasks under this work
assignment. It is recommended, therefore, that site visits continue to
be part of the scope of work for technical review of documents. Due to
the valuable information which was obtained in speaking directly with the
facility representatives, it is also recommended that, in future tasks
which require the evaluation of multiple facilities, attempts be made to
visit each facility individually.

-2-
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APPENDIX C
SITE INSPECTION FIELD NOTES AND PHOTOGRAPHS

GRANITE KNITTING MILLS
ZONE OF CONTAMINATION NO. 1
SOUDERTON, PENNSYLVANIA

MAY 8, 1987
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Photograph 1: View of main building from parking lot, Granite Knitting
Mills. View towards south.
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2: View of Granite Knitting Mill from east towards locationPhotograph
of old well.
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Photograph 3: View of old Granite Knitting Mill production well location
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Photograph A: View beneath concrete slab over old Granite Knitting Mill
Wtll.
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Photograph 5: View from east of old water tank supports behind Granite
Knitting Mill. Old well is to left.
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Photograph 6: View from south of historical oil drum site area, Granite
Knitting Mill. PCE tank location was to left, inside
building behind loading dock door.
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Photograph 7: View of room which had contained PCE storage tank.
Loading dock to right.
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Photograph 8: View from north of Gentle Cleaners site.
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Photograph 9: View from southwest of Gentle Cleaners site, from Granite
Knitting Mills fence line.
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Photograph 10: View from northeast of Parkside Apartments.
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SEE APPENDIX C
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ŝ &
£*• >\\
-\J

. /
i

/
///

///
o

/
/

200129

^

E$

:̂
1 3*
5-

.a§
Cl

• ̂

t

1



• -.<?, =.-,- •,.v»

•8 §
** 4.
3 O

•* «-t i*
* Sa

-J

.o. u

oi
O

o
: c «
I'fri

(2

£& .•
CU . O O U U
C t> C V OMJI : <* c*c* etf Z

Sy 2g.S .§ -r***-.-.*-* s ——;—— sS-8-g 5S l?«-g>f. S ~ .8 ̂ «

.0.0 .
0

i !&.&,§ I

_o
j^wwjj 3S t'€3e"':ai 3 B «3 .tSe « *• ° 2 S R o ' 5 ' 3 S S " £ . - 2 2 . 9s § a> ̂ I •§ g g-R^ §5 I s-M g I o|.a
•E -S «o S 9 s — ao o, fr, 8a?5

S l g w « A"2Sa.9 6 ̂ 3 A;*tl i ifjii? ;l!f
|̂ && ^Ti -Sf-a-S- -8all
•al^S fi 1̂ |*1 «3ltasgi;- II -aiis5 s;t«i i1 *B inir i^wls>n *! i*?ijr inig'iu'S 8g s a 8 8« -§ss~
l--i-s -Si 53||.a «§,«!l-lll «1 II5S^ :g«|^ill ^J 8§siJ5 Iljje^iii i* jsii! IF
55el 11 iffJff ill
"oa0-?! S§ -5 a S &• * 0..22
«> c x *• e J-1ill! ;*o s S S a« .Q R « > K§ 8 S. „ If 3 •- H . .9° :| °
*«1 is f!l|| 11
*°0« 4S_e SS^^61' --J5O- ̂J ••* ^3 *3 ^ 2 « O a T3o tr« M a'3 §ta«*<S 1>>1» ^-8*° |£fil

' g

l

i8-s;ss-f fsgissj-gsjr ji^-j-safi«!£ii£deiei*{;*i* ^S:u^i KII^ ifif i^i

tliiilii Hi.
- -

., .. -_..,.. 200130



111 m1 i i! IHiijt uui 11^ ;«H1 ?a«s:? s 8.11 ii;&i ihils^i *!il s*s^i .su 11 siiI HS«* Uf»| loii'llg ill* «IH?I flrtN »s;sllr:s| «1J|J il|.lai|! ilSi Pl^l SlH- l>!55 3̂ W 2?g St-tft^'"28 ""^*o"=''-« ^cs
« S »~t *i\ CT^ *£n ® <1> «si

1 illi iPJniHs ili!!Sfliyiii JJili i|i!J|f-J
S?|-ll st^rilllalSalllltlll&^E^^ll^ll
o '-S >
«i

• i—. Jt1* I!1* Hilt Pf!l!|1|i:l »-,2S*2 •2oHu«* I-a §-„ js^S.a s -a "g "S -g ̂g 0 2 -9 g „ "3 8
g J § ̂ ^og^-S s S S a i 8 * -a « S . l g » j E g « 1 § - I, 5'So

. ifill JiJIl ilfl ilifi !li!l
. o „ | s -

s - - - ,
1 ll II ll.i •! ! 1 ' ? 1 1 ! It 1 1 1 ! I I i! i f= I M 1 1 ? 1 1 1 11

^ o ^ S r ^ § - o _
i§t«s|,8|||̂ a
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Ĥ I3 n OOI 01 if-i -I t«J/q*i 09 9ZI 8 HO 89S 'op

I OOZ 8t 09-J -9 q*i tt 88Z 01-91 TO 096 t96l »W>d 1 "Ô PiH "°3 doiqvo>l f «p»â
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GROUND-WATER RESOURCES OF
MONTGOMERY COUNTY, PENNSYLVANIA

by
Thomas C. Newport
VS. Geological Survey

Water Resources Division

ABSTRACT
The bedrock formations in Montgomery County range in age from

Quaternary to Precambrian. The Quaternary and Tertiary rocks are
thin, discontinuous, and small in areal extent, and are not considered
as aquifers. The Brunswick and Stockton Formations of Triassic age
occur over a large part of the county. Other Triassic rocks, the diabase
and Lockatong Formation, have a smaller areal extent. The rocks of
Paleozoic age occur in a narrow band near the southern border of '
Montgomery County. These Paleozoic rocks are grouped as one unit
on the geologic map. Precambrian rocks are also grouped together
in this report.

Ground water in the bedrock occurs largely in secondary openings,
such as joint planes or solution openings. These secondary openings
are more abundant in the Brunswick and Stockton Formations and
wells in these formations will yield sufficient water for industrial and
municipal supplies. The Lockatong Formation and the diabase have "
fewer joints and, consequently, yield only enough water for domestic
supplies. Large solution openings have been encountered at different
places in the carbonate rocks, and wells with very high yields have
been developed. Well yields in the igneous and metamorphic rocks
are generally small. Data are tabulated for more than 800 wells in
Montgomery County. ,

Chemical analyses are available for ground water from 121 wells i'
in Montgomery County. Ground water in the Triassic rocks is largely .
of the calcium-bicarbonate type. However, water from these rocks i
having concentrations of dissolved solids greater than 500 mg/1 $•
(milligrams per liter) are of the calcium-sulfate type. Ground-water 5
quality differs greatly from one unit to another in the Paleozoic rocks. j
Dissolved-solids content ranges from 32 mg/1 in the quartzites to ••
243 mg/1 in the carbonate rocks. Hardness ranges from IS mg/1 in ^
the quartzites to 270 mg/1 in the carbonates. The quality of water j
from the igneous rocks is generally good. The quality of water from f
metamorphic rocks differs considerably between formations. In some t
of these rocks the water is very highly mineralized and is not used. ''

1
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2 MONTGOMERY COUNTY GROUND-WATER

INTRODUCTION

LOCATION AND GENERAL GEOGRAPHIC FEATURES

Montgomery County occupies an area of 491 square miles in south-
eastern Pennsylvania (Figure 1), immediately to the northwest of Phila-
delphia. Norristown is the county seat and largest borough.

The area is predominantly an undulating plain, with relief provided
by iow hnis antj ri(jges- The land slope and drainage is to the southeast,
toward the Delaware River. Most of the county is drained by the
Schuylkill River and its tributaries, but the eastern section of the
county is drained by Neshaminy, Pennypack, and Tacony Creeks, which
flow directly into the Delaware River.

42° 00

80° 30'

,_̂

39° 45'-
75°00'

Figure 1. Location of Montgomery County.

POPULATION GROWTH AND POPULATION DENSITY

Census records show that there were 23,000 inhabitants in the county
in 1790. The number had increased to 70,000 in 1860, and to 350,000
by 19SO. Since 19SO the rate of population growth has increased
rapidly. Between 1950 and 1970, a peak period of growth, the popula-
tion grew to 618,017, an increase of more than 76 percent.
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INTRODUCTION 3

• Forecasts made by the Montgomery County Planning Commission indi-
ATURES ' cate that l̂ e P°Pu'ation °f tne coun'y W'H increase to 933,000 by the

1 year 1985. This growth will, of course, require additional development
niles in south- i of water supplies.
iwest of Phila- : 75,
gh- i
relief provided |
the southeast, !
rained by the i
section of the I
Creeks, which i

NSITY

in the county
id to 350,000
las increased
i, the popula-
t.

SCALE VO
0 5 IQMILES

EXPLANATION
Population chan.v

75°30'

40=00'—— \£$̂ — 40°00'

____ 75°I5'
75°00' '

High increase
Figure 2. Population density increase, 1920-1960.

Population distribution in Montgomery County ranges from very
dense in the southern part to sparse in the north. The pattern of popu-
lation density increase (Figure 2) reflects a northward transition from
highly urban Philadelphia to its suburban communities and finally to
the rural areas of northern Montgomery County. Some areas along the
Schuylkill River show only moderate increase in population because the
land area is so highly industrialized that there is little room for more
housing.
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4 MONTGOMERY COUNTY GROUND-WATER

EFFECTS OF POPULATION GROWTH ON WATER NEEDS areucts
The overall population growth of the county will create a correspond- M

ing need for larger supplies of water. Also, based on national averages, dev<
the per capita use of water is increasing from 1/2 to 2 percent per year. ~ con-
There have been water shortages within some areas of the county in the 1
recent past and, without adequate safeguards, such shortages could me:
occur again. Actually, enough water potentially is available for all needs of !
in the foreseeable future. The major problem is in the withdrawal and Me
distribution of all available supplies. It is hoped that this report will par
supply useful data concerning the availability, development, and protec- the
tion of ground-water supplies of the area. The sources of water within hoi
the county are streams and impoundments and ground water. 1
Towns, communities, and industrial sites are not always located over ale

good aquifers or near streams of sufficient size for use as a water supply. inc
If streams are nearby, water supplies are readily obtainable; however, otl
the quality and quantity of surface water is subject to much variation me
over the short term as well as seasonally. Streams are more easily pol-
luted than is ground water, but their quality improves rapidly with dilu-
tion and with removal of the polliVng agent.

Ground-water supplies are available in varying amounts throughout
Montgomery County. In some areas the supplies available are large
enough for municipal and industrial supplies. In others, wells may yield
only water enough for minimum household use. Even where well yields m
are very small, however, such a supply may be the only one available w
to many individual homeowners. The amounts available vary seasonally Fi
and decline with long periods of drought, but less so than surface water. ''
Consistent quality is the most important attribute of ground water; tern- u
perature and chemical quality remain constant, making treatment much a?
simpler. When pollution occurs it is generally long-lived. Since they f'
are visible, surface water supplies appear to be more abundant than it
ground water. Locally, as along the Schuylkill, this is true. As will be
shown later, however, most of the water flowing in streams has drained si
from the ground-water reservoir. Additionally, because of its low tern- ii
perature of about 52°F throughout the year and its uniform chemical
quality, ground water is highly desirable for use by many industries.

LAND USE IN THE 1960's

The expansion of cities and communities is rapidly changing the land
use in Montgomery County. The number of farms has declined in the
last few years, and in I960 the rural population made up less than one- '
fourth of the total population. Most of the farms in Montgomery County '
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WHERE THE WATER COMES FROM

TER NEEDS I « devoted to the production of beef and dairy cattle or poultry prodTER NEEDS ^̂  .. relatively ..̂  farming of grain> {ruit> or vegetable crops
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^ . reavey > >
ite a correspond- Much of the land area is now composed of country estates, housing
ational averages, developments, and part-time farms. These are the homes of persons who
xrcent per year. i commute to nearby cities or industrial parks. .-,.•„
he county in the ' The percentage of land occupied by streets and parkways, which is a
shortages could measure of the intensity of urbanization, is greatest in the southern part
ble for all needs of the county and decreases gradually towards the rural northern part ot
withdrawal and Montgomery County. The highly suburban character of the southern
this report will | part of the county also is indicated by the fact that nearly 50 percent of
ent, and protec- ' the land is classified as residential, being occupied mainly by single-family
of water within ! houses. . . . j
ater. In the past, most of the industry within the area has been concentrated
ays located over along the Schuylkill River. The more recent trend, which is expected to

increase in the future, is the establishment of industnal parks throughout
other parts of the county. There are now (1969) 19 such areas, located

a water supply.
lable; however, oer pr .
much variation ! mostly along the Pennsylvania Turnpike and its extension.
•nore easily pol-

WHERE THE WATER COMES FROM
HYDROLOGIC CYCLE

lar Te large '
weh., may yield • Water is one of our most important resources and it conV.itutes the
icre well yields [ major pan of most living things. Man's existence depends upon it, yet

water supplies are taken for granted by most individuals. As shown in
Figure 3, water evaporates from the oceans and is carried as vapor until
it condenses and precipitates. Most of the precipitation on the land is
used by vegetation, evaporates back to the atmosphere, or runs overland
as streamflow. Part enters the soil and bedrock to recharge water-bearing
formations, called aquifers. The water moves at a varying pace, depend-
ing on its environment, but eventually it returns to the oceans.

If man interrupts or changes the hydrologic cycle the results may have
serious effects for many years. Man's alterations of the hydrologic cycle
in Montgomery County are discussed in the following pages.

PRECIPITATION

Precipitation is the source of all fresh water in the county. The average
precipitation at Norristown is 42.2 inches per year. Elsewhere in the
county, the average annual precipitation ranges from 43 inches in the
eastern part to 47 inches in the extreme northern part. (U.S. Department
of Commerce Environmental Data Service).
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WHERE THE WATER GOES 7

Precipitation is generally well distributed throughout the year. The
wettest month is usually August and the driest month October. More
than half the annual precipitation falls during the spring and summer, the
period which corresponds favorably with the needs of growing plants.
During the period of record the amount of monthly precipitation has
ranged from more than 17 inches in August to less than 0.50 inch in
October.
The average total annual snowfall received in a season in this county

ranges from 20 to 30 inches. The larger amounts fall in the eastern and
northern parts of the county, where heavy snows are most likely to occur
during late winter.

WHERE THE WATER GOES

EVAPOTRANSPIRATION

Evapotranspiration is a collective term describing the return, through
the sun's energy, of water to the atmosphere as vapor. Transpiration
returns soil moisture to the atmosphere as a product of plant growth,
and evaporation changes water directly from a liquid to a vapor.
The estimated mean annual rate of svaporation from surface-water

bodies in Montgomery County is about 33 inches. However, the surface
area of water bodies in Montgomery County is small, and the water
evaporated from them is only a minor part of the hydrologic system.
The total loss by evaporation and transpiration is considerable. About
26 inches of the water falling on the county annually is returned to the
atmosphere by these processes. (Parker and others, 1964).

STREAMFLOW

Most of the water not lost through evapotranspiration leaves the county
as discharge from streams. This amounts to from 15 to 21 inches of the
original precipitation. The larger streams and impoundments and the
locations of gaging stations in Montgomery County are shown in Figure
4. Identification numbers are those assigned by the U.S. Geological .
Survey. A summary of discharge data for the four gaging stations is L
given in Table 1. More detailed information on streamflow can be ob- (
tained from Surface Water Records for Pennsylvania (see selected
reference list). Several other streams in Montgomery County are also
used for public and industrial water supplies.
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Figure A. Location of stream-gaging stations.

GROUND WATER

Much of the water falling on the land surface returns ;o the atmos-
phere or reaches the streams a? overland runoff. The remainder infiltrates
through thi soil and through fractures and void spaces in the underlying
rock. Its downward movement continues until it reaches the zone of
saturation, a zone below which all the interconnected voids are filled
with water. This is illustrated in Figure 5. After reaching the zone of
saturation the water moves downward and laterally toward lower eleva-
tions and eventually returns to the surface, either naturally from springs
and seeps or from wells.

Ground water in Montgomery County occurs under both water-table
(free, uneonfmed) and artesian uonfined. under pressure* conditions. F.gure 5. Do
Water-table conditions are those in which ground water is unconfined * e
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WHERE THE WATER GOES 9

Table 1. Discharge data ot the gaged streams in Montgomery County

Schuylkill River «l Pottsiown. Pa. 14720
Average discharge, 41 years of record: 1.805 cfs.1
Maximum discharge. May 23. 1943: 50.800 cfs.
Minimum discharge. August 13, 1930: tl cfi.

Perkiomen Creek it Craterford. P«. 1-4730
Average discharge. 53 years of record: 370 efj.
Manimum discharfe. lulv 9. 1935: 39.900 cfs.
Minimum discharge. October 5, 1941: 4.7 cfs.

Skippack Creek near Collegeulle. Pa. 1-4731.2
Average du-harge. 2 years of record: 65.5 cfs.
Maximum discharge. Mjreh 7. 1967: 4.620 cfs.
Minimum discharge. Scpterr -er 12. 19o7: 0.1 cfs.

Wissahickon Creek at Fort Washington. Pa. 1-4739
Average discharge. 6 years of record: 43.2 cfs.
Maximum discharge. March 7. 1967: 3.490 cfs.
Minimum discharge. September 2. 1963: 2.9 cfs.

; Cubic feet per .econd

"Cturns to tne atm«..-
. rjn'.̂ ir.jer innliru'.:_
.w's in ;';•..' unJeriyi-j

-»:eJ '..:.ii5 are liileJ
re-ichir.g the zor.e *'f

u Soil:-.':-::
xUnsoturated material

;:'W'oVeV'"loble

/Zone of saturation" " '

rr.-j:ur,-' e. ~.! ..o:-.- Figure 5. Downward movement of water through soil and rock to
water is u:-.,.-.tin̂ J ' the water table.
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10 MONTGOMERY COUNTY GROUND-WATER

and trie upper surface of the water is free to rise or fall. Artesian condi-
tions exist where the ground water is confined in a permeable (having
interconnected openings) formation that is overlain by a relatively im-
permeable formation. The upper surface is not free to rise or fall, but
the water is under enough pressure to rise above the containing aquifer
in wells penetrating it. The imaginary surface to which water will rise
in wells tapping an artesian aquifer is called the piezometric surface in
this report.
The water table fluctuates according to the relative amounts of re-

charge (additions to the aquifer) and discharge (losses to seeps, springs
and wells). Because of the heavy evapotranspiration losses through the
growing season (April to October) little recharge reaches the zone of
saturation and water levels decline: water levels generally rise through-
out the rest of the year.
Water levels in the county are at pr near the land surface in the valleys

and rise toward the drainage divides. The rate of water level rise, how-
ever, is less than that of the land surface, so wells on the higher elevations
must be drilled deeper to reach the water table than those in the valleys.

The occurrence and movement of ground water is in and through inter- '
connected openings (Figure 6) either primary or secondary in nature. • Primary
Primary openings are void spaces between the individual grains of
material, such as in sandstone and shale. In a coarse-grained sandstone
the openings are relatively large; in a shale the grains and openings
are very small. The larger interconnecting openings allow much more ,
ground-water movement than the smaller ones.
Secondary openings are those formed subsequent to the deposition

and consolidation of the formations. In Montgomery County they result
from the fracture or solution of rock. The fractures are the result of

* \ external forces that caused rupture of the rock: solution cavities are
formed by the solution and removal, by water, of parts of rocks such as
limestone. Large quantities of water move through connected fractures ;
and solution cavities.

HOW AND WHERE THE WATER IS FOUND :

SUBSURFACE WATER

Ground water in Montgomery County is found in both artesian and
water-table aquifers. These aquifers yield water to wells at various
rates which vary over a wide range, both from one geologic formation to
another and within the same geologic formation. Well yields range
from a fraction of a gallon per minute to more than 1.500 gpm (gallons
per minute). Data on seven hundred wells drilled in the various geologic
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12 MONTGOMERY COUNTY GROUND-WATER

Figure 7. How fractures in bedrock formations will affect the yield
of wells.

formations that underlie the county have been described in several
published reports. (See Selected References)
When precipitation has reached the zone of saturation it moves by

gravity down the hydraulic gradient toward points of discharge. The
direction of movement is determined by the slope of the water table or
the piezometric surface. The movement of ground water is through
interconnected openings in the rock, and. as these openings are normally
small, they do not allow rapid movement of water.

The aquifers in Montgomery County are primarily consolidated rocks.
and water occurs in fractures, bedding planes, or solution openings.
Small amounts of ground water occur in the pore spaces in the weathered
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HOW AND WHERE THE WATER is FOUND 13

zone but this weathered material is thin and discontinuous. Wells drilled
into consolidated rock will yield water if they intersect saturated openings
in the rock. This is illustrated in Figure 7. Well No. 1 intercepts only
one fracture below the water table, and the yield of this well would be
less than the yield of well No. 2 because the latter well intersects several
fractures below the water table.
A geologic column for Montgomery County (Table 2) is shown below

and is followed by a generalized geologic map. (Figure 8)

Table 2. Geologic section for Montgomery County. Pennsylvania

Era. Svstum
•nd Epoih

Ccnozoic
Quaternary
Holocene

Formuiiun

Alluvium

Pensauken Fomwiion

Brvn Mawr Gravel

Patapsco Formation

Thickneti
tfcut)

0-10

0-10

0-10

0-10

Chancier

Soil. sand, gravel, and
clav: deposits in stream
valleys.

Sand, gravel, clay, yel-
lowish-brown: s m a l l
area! extent.

Sand and gravel: small
areal extent.

Clay and sand, highly
colored: small areal ex-
tent.

Pleistocene

Tertiary
Pliocene t?'

Mesozoic
Cretaceous Patapsco Formation 0-10 tent. F

Medium to coarse grain- 1
cd igneous rack, dark *••

Triassic gray, occurs as dikes \ '
Diabase 5-1.800 and sills. l

Shale, mudstone. sand-
stone. and conglomerate

in several Brunswick Formation 9.000-16.000 beds: reddish-brown.

movcs (,y Argillite. mudstone. and
T.' shale: dark gray to

3rS':- " Lockatong Formation 0-2.000 black, thick bedded.
er table or ____^_______ •-_____ -
is through Shale and siltstone in
•C normally upper member: sand- j

i I 0 n « . fine-to coarse- !
, . , , grained, arkosic. middle ?
.atv'cl roc vs. member; conglomerate f
1 opalines. Stockton Formation 1.000-b.OOO lower member. S
: weatliorcd ————————————————————————————.——__ f.
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MONTGOMERY COUNTY GROUND-WATER

Table 2. (Continued)

Thtckncu
Formation dm) Ctencier

Limestone, impure, thin-
bedded upper part: mid-
dle dark graphitic phyl-
lite. lower limestone.
granular thick • bedded.

Ordovician Conestoga Limestone SOO-SOO dark gray.

Cambrian

Precambrian (?)

Precambrian

Elbrook Formation 800

Ledger Dolomite 1,000

Harpers Formation SOO-tOO (?)

Chickies Quartzite MO-1,000

Wissahickon Formation —

Granite gneiu —

Hornblende gnein —

Serpentine —

Limestone, fine-grained,
light gray to cream-col-
ored, thin-bedded.

Dolomite, granular, gray
to bluish gray.

Phyllite. fine - grained.
greenish-gray, some beds
of quartzite and schist.

Quartzite. vitreous.
light -colored thick -bed-
ded, conglomerate at
base.

Schist, albiie chlorite,
and oligoclase mica, in-
cludes hornblende
gneiu and phyllite.

Composed chiefly of
quartz, feldspar, biotite.
and hornblende.

Composed of quartz.
feldspar, and horn-
blende.

Soft, fine grained, green.

SO.
of
Th
to
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Ax75"30

•.Jk...

'••" vi"-IN".- V

ireous.
ick-bed-
rate at

chloriie.
nica, in-
blende
Hie.

iefly of
• biotite' Figure 8. Generalized geologic map.

quartz. The water-bearing characteristics of the mapped units are summarized
d horn- in the following pages.

-———— Brunswick Formationed, green.
———— Lithology and structure

The Brunswick Formation in Montgomery County consists of con-
solidated reddish-brown shale and sandstone. Along the northern edge
of the county conglomerate is interbedded with the shale and sandstone.
The beds of the Brunswick Formation generally dip an average of 20°
to the north and northwest, but several broad synclines and anticlines

J
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16 MONTGOMERY COUNTY GROUND-WATER

have been superimposed on the major structure. The Brunswick Forma-
tion has been cut by many small faults and one or two large ones. There
is a well-developed system of nearly vertical joints in many of the beds
of the Brunswick Formation. Sample logs of wells in the Brunswick
Formation are listed in Table 3.

Water-bearing characteristics

Because pore spaces in the Brunswick Formation are very small, most
of the ground water occurs in and moves through secondary openings
and the nearby vertical joints that intersect at various angles throughout
the formation. The number and width of these vertical joints differ from
bed to bed within the formation: thus, some beds yield much more
water to wells than others. These vertical joints also allow downward
percolation of precipitation to recharge the aquifer.

Table 3. Sample logs of wells in the Brunswick Formation in Montgomery
County, Pennsylvania

Owner: U.S. Geological Survey

Depth
Description_______ _______(feel)

Soil, red .......................................................................................___...__. 0 — 2
Shale, red, moderately calcareous; calcite joint filling ........................ 2 — 5
Shale, red. slightly calcareous ....._..........._.........._._............._....... 5 — 10
Shale, red. slightly calcareous; calcite joint filling ..........................._... 10 — 15
Shale, red. slightly calcareous ....._........._..__-_............._~—._ 15 — 18
Shale, red. slightly calcareous: calcite joint filling ................................ 18 — 25
Shale, red. moderately calcareous; calcite joint filling ........................ 25 — 30
Shale, red. slightly calcareous: calcite joint filling ............................... 30 — 40

Sha
Sh.
Shi
Silt
Shs
Sh.

f
Sh:
Sh
Sh
Sh.
Sh
Sh
Sh
Sh
Si-
Si'
Sh
Sr

Well Mi-632

S-
S)

St
Sr
S>
S
Si
s
St
s
S'

Shale, red. slightly calcareous .................__.._...................._.......... 40—45 s
Shale, red, moderately calcareous; calcite joint filling ........................ 45 — 52 j _
Shale, red, slightly calcareous: calcile joint filling ................................ 52 — 85
Shale, red, moderately calcareous: calcile joint filling ........................ SS — 90
Shale, red. slightly calcareous, micaceous: calcite joint filling ............ 90—95
Shale, red. slightly calcareous, micaceous; quartz and calcile joint

filling ............._........._.....___.__...___....,.,.„......._...___... 95 — 100
Shale, red. slightly calcareous, micaceous; calcite joint filling ,„.,.,..... 100 — 110
Siltstone. red. moderately calcareous, micaceous; calcile and quartz
joint filling .................__......................................................................... 110— 120

Shale, red, slightly calcareous: calcile and quartz joint filling .......... 120 — 125
Shale, red, moderately calcareous, micaceous: calcile joint filling .... 125 — 130
Shale, red, moderately calcareous; calcite joint filling ........................ 130 — 135
Shale, red, moderately calcareous ..........._................................—...— 135 — 140
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Table 3. (Continued) • >
•ma- «,™B™™M«̂ ^̂ _•«•.••M̂ H_„„_ V;
here Depth ! ^
beds ^_____________Description_______ __________(feel) J. '̂
•vie* Shale, red. slighily calcareous; calcite joint filling ................_........... 140 — 170 ) &

Shale, red. slighily calcareous; calcile and quartz joint filling .......... 170 — 185 ! _K
Shale, red, moderately calcareous; calcile joint filling ........................ 185 — 200 ""
Siltstone. red. slightly calcareous, micaceous; calcite joint filling ........ 200 — 210
Shale, red. slightly calcareous, micaceous; quartz joint filling .......... 210 — 215
Shale, red. slightly calcareous, micaceous: quartz and calcile joint

most fining ............................................................____.................__............ .215 — 220
lings Shale, red, slightly calcareous: calcite and quartz joint filling ............ 220 — 225
;houl Shale, red, slightly calcareous: calcite joint filling ................................ 225 — 255
from Shale, red, slightly calcareous .......................................................___ 235 — 240

Shale, red: calcite joini filling ..........................................................._... 240 — 250
Shale, red: calcite and quartz joint filling ................._......................... 250 — 260

ward Shale, red. slighily calcareous;, calcite joint filling ......__................. 260 — 290
Shale, red. moderately calcareous .....................................________ 290 — 300 •
Shale, red, slighily calcareous ...................................................................... 300 — 310

im.rv Shale, red. slightly calcareous: quartz and calcile joint filling ............ 310 — 315
Siltsione. buff, moderately calcareous: red shale: quartz joint filling 315 — 320
Shale, red. slightly calcareous, micaceous: calcile joint filling ............ 320 — 325
Shale, red, slightly calcareous, micaceous: calcile and quarrz joint

filling .............................................................................................................. 325 — 330
Shale, red. slightly calcareous: calcite joint filling ................................ 330 — 335 .
Shale, red. micaceous: calcite and quartz joint filling .......................... 335 — 340 it

_______ Shale, red. moderately calcareous: calcile and quartz joint filling ...... 340 — 345 *'
h . Shale, red. moderately calcareous; calcite joint filling .......................... 345 — 350 \. . '

.-̂  I Shale, red. slightly calcareous; calcile joint filling ................................ 350 — 360 I-"-"'
' Shale, red. micaceous: ealciie and quartz joint filling .......................... 360 — 363 t-'

Shale, red. moderately calcareous; calcile joint filling .......................... 363 — 370 ^
— Shale, red. slighily calcareous _._.._.__..............——.-.___............. 370 — 375 i ,i
~ „ Shale, red. slightly calcareous: calcile joint filling ................................ 375 — 379 *
_ Shale, green, moderately calcareous .......................................................... 379 — 381 :
~ g Shale, red, slightly calcareous; calcile joint filling ................................ 381 — 385 ,
_ 2J Shale, red, slightly calcareous ..........................._..........._................... 385 — 405 I
_ .- Shale, red. slightly calcareous: calcite joint filling ................................ 405 — 425 •' • ,
~ 0̂ Shale, red. slightly calcareous .................................................................... 425—450 Jft' '
_ 4- Shale, red, slightly calcareous; calcile joint filling ................................ 450 — 460 Vs

., Shale, red. slightly calcareous: calcite and quartz joint filling ............ 460 — 465 ».-
~ jj Shale, red, slightly calcareous ..._................_.._._.._._._..._....... 465 — 470 j .
_ „ Shale, red, slightly calcareous: calcite joint filling ..._............_..—..... 470 — 475 , •-
_ g- Shale, red, moderately calcareous; caiciie joint filling ........................ 475 — 480

Shale, red. slightly calcareous ..........................._....................——............. 480 — 490
Shale, red. moderately calcareous; calcite joint filling .......................... 490 — 500 ;

Well Mg-633
Owner: U.S. Geological Survey j_ 120 ———— _——— —— —— — — —— —— —— _______^ — ̂ _™«_ j.

— 125 Depth
— 130 __________________ Description ___________________ (feet)

~~ Shale, red: quartz joint filling ..................... _ ,d...,...».........»....«... ............ 0 — •• 5
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State, red: alamt joint filling _______________ ~ __ . __ 115 — 118
. .._.. _____________________________ ...... ___ \\t — 120

Shale, red. slightly c»ic*ttt>us ......_.. ————— ..„.. ...... ....... ————— -J20 — 123
Ŝnate. rrd ______________________ ......... ___ ........... 125 — T25
Shale, red. moderately ealcaieous; 'talcitt foinj iillraf ——— ! ——— 125 — 128
Snate, ltd, slijfttly xvlcareoua ______ . __ ^ __ . ___ ___ — » 128 — T38
Shale, red. slightly calcareous: t»lcite joint filling , ——————— ; — :.- -1W — 1*0
-;Sh»ter«d. «lilhtly «alc«ta«u ——————————— . ——— . ——— ..... MO — 142
Shale, red. slightly calcareous; «mlcitt term filling —————————— M2 — *48
SWe. ted. siighily adctttaut _____ ___ . __ — .— - __ • ___ - 148— 150
Shale, red. slightly calcareous »ieiie jtfim̂ filBnfUniSlBelMtt .„.._ 1SO~- Ji2
Axle, -ni, fliffatiy cyonoua; -ftteie joim filling .-. —— .... ———— .W2 — 165
Shale, red. slightly calcareooJ ...... ——————————————————— '« — US
Shale, isd. slightly cclcareoua: olciie joint filling ———— ..... — ...... 168 — T70
Shale, red: ealdte joim fining -..—... ————————————————— -170— 172
Sliale. led ______________________________ __ n2 — 175
Shale, red. moderately calcareous ........ —————— • ———————— • n$— 17S
Shate, -red, woderaiely nJetreoui: calcite joint filling ——— ._... — 178 — 185
Shale. ltd: calcile joint filling . ____ .__... _ ——————————— - IBS — 305
Shale. Ted. jligmly »lcmreou«: «ki«e ̂oita *Broj[ ————————— 205 — 210
Shale, red: calcite joint filling ............... __ ........ —————————— 210— 212
Shal«. -red. slightly okareou«: ««Ui« joint filling .. ——— ........ —— .-. 212 — 215
Shale, red. Jlighily calcareous: calcile and naam joint filling ——— 2H — 220
Shale, ted. *lightly ealeareouK- calcite joint fillinj ..... —— . ———— 220 — 225
Shale, red: caleiie joim filling ........ — ___ —————— - ————— 2H — 330
Shale, -red: olcite and quartx joint fitting and gotthiu ..... —— .. .......... 230 — 232
Shale, red. moderately calcareous; quanz »nd eatche joint filling .... 232 — 233
£Mc, -wd; **!ciK 4oiitt JUling ... , ———————— .-._- ———— .......„..._ 233 — 2-5

JS MONTGOMERY COUNTY GROUND- WATS*

Table 3. (Continued)

___________ De-cription ___________________ (fetl)
Shale. «d. slightly calcareous, calcile joint filling ... __ __ .. ___ ... S — 20 r̂ulc. red.
Shale, red. -modertttly c»lwreouj; satei* joint CUinj ——— __ „.. 20—25 5h>lt- redj
Shale. «d. slightly calcareou«; calciie joim filling ............ __ ............. 25—30 5h"c' n°'
Shale, -red. moderately calcareous .——————————.———————., 30 — 3S
Shale, red, moderately calcareous; calcite joim Tilling ....____..._. 35—40
Ŝ iaten̂ d: calcite joint filling -.,.,-..a--,,-•—-,--......_ __ __.JI_I._ __ITflT.ll_l 40 ™- 45
Shale, red, slighily calcareous: calcite joint Tilling ....—............—... -4S— 55
Shale, red. slightly calcareous: joethite ....___________,___ 55—60
Sh»l*. mi. ilijhity calcareous: c*kitr .join! filling ..._.....__........... to — 70
Shale, red. slightly xalcareoss ————————————————————— 70— 90
Shale, sed. -msderately ealcwaatt; x*lciie joint filling ........................ "90—TOO
Shale, red; calcite joint Titling „.„——————————————————... 100— 105
State, ted. .slightly calcareous: abundant quanz and calcile joint

filling. Quartz is in crystal! wp TO half in inrt tonj .——————— 195 — 108
Shale, red. slightly calcareous: calciie joint filling .______........... 108 — 110
Shale, red. slightly calcareous; -abundant cilcite joint filling ..——— J10 — 112 *shale **
Shale, -red. slightly calcareous; calcile and quartz joint filling and .. ., . i, ̂  *, t dnaic. rtgoeihite ...._......___________________......__....._._ 112—• 115

Shale, red.
Shale, red
Shale, red
Snale. red
Shale, red
Silisione
Shalt. rec
Shale, rec
•Shale, rer
Shale, rec

Shale, rt
Snalc.
Sr̂ ile.
Shale.
Shale.
Shale.
Shale.
Shale.
Shale.
Shale. <
Shale.
Shale.
Shale.
Shale.
Shale.
Shale,
Shale.
Shale.
Shale.
Shale,
Shale.
Shale
Shale
Shale
Shale
Shale
Shale
Shalt
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Table 3. (Continued)

Depth
__________________Description___________________(feel)

Shale, red, moderaiely calcareous; calcile joim filling ...................... 235 — 237
5 ~ „ Shale, red: calcite joim filling .............____..........__..............__.. 237 — 240

..... - • • ? ? * Shale, red, slighily calcareous, cilciie joint filling .....„..„,„..„.....—.... 240 — 243
25 — J" Shale, red. slightly calcareous ........................_..___.................._ 243 — 245

•••-• ,« ~ 40 shlle- redl "lcile i°im nllin8 -......-—-.-—.--...-.",..—.-—"--- 245 — 263
..—. 35 0 Shale, red. slightly calcareous: calciie joim filling ..........__............ 263 — 270
••--—*° — ** Shale, red .......__......................____.._.__.............................. 270 — 275
•-— t c _ In Shale, red, slightly calcareous; calcile joint filling ........_.._............ 275 — 278
....... 55 Siltsione, red, moderaiely calcareous: calcile joim filling ..........._... 278 — 280
........ 60 — 70 Shale, red. slighily calcareous: calcile joim filling ............................. 280 — 283
........ 70 — 9U Shale, red: calcile joint filling .........__..._.................__............... 283 — 288

Shale, red. slighily calcareous: calcile joim filling ............................... 288 — 290, , . ...............................
......_ 100—105 Shale, red. slightly calcareous .............. __ ............... __ .„...-.„....,... 290 — 295 ,
i°im Shale, red: calcite joint filling ............................... __ ............................. 295 — 300 V-
......... 105 — 108 Shale, red .....„..._......................................,........ __ ................... _ .......... 300 — 302 » r
......... 108—110 Shale, red; calcite joint filling ............................... ___ ................... 302 — 307 f
.... —— .110 — 112 Shale, red. slightly calcareous, calciie joint filling .............................. 307 — 310
? *nd Shale, red. modentely calcareous: calcite joint filling ..... ...... ___ 310 — 312
.......... 112—U5 Shale, red. slightly calcareous ....................... __ .................................... 312 — 314
..........' 115 — 118 Shale, red. slightly calcareous; calciie joint filling ,.........................._... 314 — 525 _

.. — ..... 118 — 1-° Shale, red, slightly calcareous: quartz joint filling .............................. 325 — 327 ~ ' l

..... —— _120 - 123 Sh.,e red .iijhlly C1icareous .....„....................................„....._............... 327 - 330

..... — ...,123 — 125 Shale, red ......... _ .... __ . _ .. __ ,....;_........_.........._.._... ___ ... __ 330 — 335 >

...... — 125 — 128 — Sh.,e red. aMu .̂  fimng ...................................................... —— ........ 335 — 348 '5
............. 128 — !->» Shale, red. slightly calcareous: calcite joint filling ..............„.._..-... 348 — 350 " J
.... —— . 138 — 140 Shjle red lli|htly calcareous ...„,....._........„.......,.._..„........„.............„ 350 — 355 f
............. 140 — 142 shll(, red ,lith,ty calcareous: calciie joint filling ......_.„...„............ 355 — 358 i
...... —— 142 — 148 Sha,e red. ̂j.̂  ̂m fimn| __ ................................................... 358 — 360
..... —— 148 — 150 Shale, red, moderaiely calcareous ......................... _ .. ———— ..............360 — 362 *
te ...... 150—15- Shale, red, slightly calcareous; calcite and quanz joim filling .......... 362 — 365
•-.-- "2 — '" Shale, red; ealeite joint filling .................................... — ............... —— ... 365 — 380
.............. 165 — 168 sh,le TOji moderately calcareous ....................................... __ . — ........ 380 - 383
...... —— 168 — l-_0 Shale, red, moderaiely calcareous, micaceous .................................... 383 — 385
.......... — ,170—1.2 Shale, red. slightly calcareous: calcite joint filling ......„„..,.. ——— 385 — 390 J
.............. _ 172 — 175 Shtle> red. _Hfhtly calcareous .. __ . __ ....... __ ............................ 390 — 392 f
.. __ —— H5 — 1 .8 Shl|ei re(J _ __ ....................................... __ .................... __ ................ 392 — 395
.. ———— 178 — 185 Sh.lei ̂ j .|i|hl,y jji-.nous ........................_.. ————— ........... —— ._ 395 — 402
................ 185 — 205 Shtle_ re(J mo<jer,teiy calcareous: calciie joint filling ........................ 402 — 405 |
............... 205 — 210 Shale, red. slighily calcareous; calciie and quanz joint filling ............ 405 — 408 >
—— .. — 210 — 212 Shale, red. moderately calcareous ........... __ ................ _ ..................... 408 — 410
............. 212 — 21̂ 5 Shal*. red. slightly calcareous ........................... .................................. 410 — 412
.ng ......... 215 — .-0 Shale, red. slightly calcareous: calcile joim tilling ... .......................... 412 — 415
............... 220 — 225 Shale, red. moderaiely calcareous; calcile joim tilling ...................... 415 — 417
........... — 225 — »^0 Shale, red. slighily calcareous; calcite joint filling, pyrite and goethiie 417 — 420
................. 230 — 232 Sh.,e_ red> .Iigh,|y calcareous ................................................................. 420 — 422
filling... 232 — 233 Shale, red, slighily calcareous; calcile joint filling ........,„..............._ 422 — 42S
.. ... __ ... 233 — 235



20 MONTGOMERY COUNTY GROUND-WATER

Table 3. (Continued)

Depth
., Description (feet)

Shale, red. slighily calcareous ..........„.„.._..„...........„...........................„... 428 — 430
r Shale, red ........................................................—.......-.............-_._. 430 — 432

Shale, red, slightly calcareous; calcile joim filling ............................. 432 — 435
Shale, red, modersiely calcareous; calcile joim filling ...................... 435 — 437
Shale, red: slighlty calcareous; catcile joim filling ......................... 437 — 460
Shale, red: calcile joim filling ...............__.........._............................ 460 — 465
Shale, red; calcite joim filling, pyrile and goethile ......._„............„....... 465 — 467
Shale, red. slighily calcareous: calcile and quartz joint filling ....... 467 — 470
Shale, red, slightly calcareous ..........,..............._....„..........„._...„............ 470 — 473
Shale, red. slightly calcareous: calciie joint filling ............................... 473 — 497
Shale, red ............._....„...„....___......................................__.........._.. 497 — 500

Well Mg-679
Owner: Soudenon Borough______________________________

Depth
.______________Description ________________(feell

Shale, red ...........__.............._........._.....__.„„................__.. 0 — 40
Shale, red. moderately calcareous; calcile joint filling ......,.._..„....„... 40 — 100
Shale, dark reddish-gray, slightly calcareous ...............,.................._._ 100 — 110

, Shale, red. slightly calcareous: calcite joim filling and pyrite ........... 110 — 120
Shale, red. slightly calcareous; calcile joim filling ................___„ 120 — 130

i Shale, dark red. moderaiely calcareous ............„.................,.................._ ISO — 140
Shale, red, slighily calcareous: calciie join! filling .............................. 140 — 180
Argillite. blue-gray, slightly calcareous; calcile joint filling. Thin beds

: of red shale are in this interval .............................._..___........... 180 — 190
• Argilliie. blue-gray, moderaiely calcareous: calcile and quartz joint
* filling. About 4 feet of this interval is red shale .............................. 190 — 200
• Sandsione. gray, very fine grained; calcile joim filling and pyrite .... 200 — 210
f Argilliie, blue-gray, moderaiely calcareous; calcite joim filling and
j pyrile ....._.__.............__.............................._...................___. 210 — 230
..| Argilliie, blue-gray, slightly calcareous: pyrite and goeihiie ............. 230 — 260
• •( Siltstone, blue-gray, slighily calcareous: pyriie ....... ——.........——. 260 — 270
. Argilliie. blue-gray, moderately calcareous: pyrile. Red shale, moder-
•' aiely calcareous; calcile joim filling and pyriie .....................——... 270 — 278

Argilliie. blue-gray, moderately calcareous: pyriie .......——................ 278 — 285
'. Shale, reddish-brown, moderaiely calcareous; About 4 feet of this
". interval is blue-gray, moderaiely calcareous argillite .....................— 285 — 308

* Well Mg-700
* Owner: Stanley G. Flagg. Inc.__________________________ ___
! Depih
\ __________________Descripiion___________________(feetl
' fin ....._.........._........................................................._......_..._......... 0 — 20

Sandsione. hurt, fine grained. About half of this interval is red shale 20—30
Shale, red, micaceous ..................................—....—...............-.......—...... 30—60
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Table 3. (Continued)

Depth
({ee0 __________________ Description ___________________ (feet)

428 — 430 Shale- red -—'——'—-—-•---———————......._...„..........__.... 60—90
"'""" 4j0 _ 432 ' Shale, red, slightly calcareous; quartz joint filling ............................... 90—100

432 — 435 Shale, red. slightly calcareous ...............................____..__............... 100 — ISO
435 _ 437 ' Shale, dark brown, slightly calcareous ......_:.._..._.._....._................ 130 — 140
.- . _ ^^ __ Shale, red, slightly calcareous ..................„.._..___._._.........__. 140 _ 150
460 — 465 Shale, red. moderately calcareous .................__..____......._..„'. 150 — 160

'"""" 46j _ 7̂ Shale, red: calcite joim filling ................................................................... 160 — 170
467 — 470 Shale, red. slightly calcareous ....................__.................__.._......... 170 — 190

'"""" 470 _ 473 Shale, red. moderately calcareous ......................................................... 190 — 200
'""*"" 47J _ 497 Shale, red, moderately calcareous, micaceous; calcile joim filling .... 200 — 250

_ «QQ ' , Shale, red. micaceous: calcile joint filling .............................__ 250 — 260
""""" Shale, red. slightly calcareous: calcile joim filling ........................._.. 260 — 280

Shale, gray-brown, slighily calcareous; micaceous: calcile joim filling 280 — 290
Shale, red. slightly calcareous; calcile joim filling ................................ 290 — 330
Silisione, red. slightly calcareous; calcite joim filling ............__..._ 330 — 340

Depth Shale, red. moderaiely calcareous .............__._....__........................ 340 — 350
(feel) Shale, red. moderaiely calcareous; calcite joint filling ......................... 350 — 360
_ 4Q Siltstone. red. moderately calcareous: calcile joint filling .._....__....- 360 — 370
_ ,00 Shale, red. moderaiely calcareous; calciie joim filling ..................... 370 — 390

100 _ 110 Shale, red, modera'tely calcareous: ealcite and quariz joim filling ...... 390 — 400
'""""" ,,o _ 120 Shale, red, moderaiely calcareous; calcile joim filling .................._. 400 — 456

_ ^ Sandsione, while, fine grained ................_...................__...„.....„.„„. 456 — 461
,30 _ 140 Shale, red. moderately calcareous: calcile joim filling ........................ 461 — 480

..... _ ^ Argilliie, blue-gray, moderaiely calcareous, imerbedded with about 3
n beds feet of ̂u* sandstone .......__..____....................._........___ 480 — 500
' 180 _ 190 Sandstone, light-brown, fine grained .„....„................,.............._..__... 500 — 510
^ .......... Sandsione, light-brown, medium grained ........__................__... 510 — 520
•;I ^ 190 _ 2K) Shale, brown, slightly calcareous, micaceous: calcile joim filling ....... 520 — 530
............ ^ _ ̂  Shale, brown, slightly calcareous, micaceous: quariz joim filling ........ 530 — 540

""t' and Shale, red. moderately calcareous: calcite joim filling ..................... 540 — 560
'' * 2,Q _ 250 Shale, red. moderately calcareous; calcite and quartz joint filling ..... 560 — 600
"""""*" jjQ _ 2$0 Shale, red. slightly calcareous: calcite joint filling ..........._....„..,....„ 600 — 610
............. ^ _ ^ Shale, red, moderaiely calcareous; calcite joint filling. About 1 fool
TjTT °' *'* imervl1 •* 'ufl' nne trained sandsione ......................_.__. 610 — 620

:' * 270 — 278 Shale, red. moderaiely calcareous: calcite joint filling ......................... 620 — 640
..'....,....„... 278 - 285 Wel| M|.7(H
l Of this Owner: Lansdale Municipal Authority
............... 285 — 308 —————————————————————————————————————————————————

Depih
Description (feel)

————— Shale, red ..................._...........____....................._______.. 0 — 10
Depih Shale, red, slighily calcareous; calcite joim filling ....._.__......._. 10 — 20
it«tl Shale, red .....................______......................_........,..„......„..._......... 20—40
0 _ 20 Shale, red. slighily calcareous .............................................__............... 40—70

...... .«.. _ Shale, red. slighily calcareous; calcite joint filling ....„...„__.._...... 50 — 70
re a jo — 60 Shale, red. moderately calcareous; calciie joint filling .......................... 70—80
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Table 3. (Continued)

Depth
• ____ ____________ Descripiion (feet)
Shale, red. slightly calcareous: calcile joim filling ..._....___....... 80 — 140
Shale, red, moderaiely calcareous; calcile joim filling ........................... 140 — 190
Shale, red. slightly calcareous: calcite joint filling ............................... 190 — 200
Shale, red. slightly calcareous: calcite joim filling and pyrite ............ 200 — 210
Shale, red, slightly calcareous; calcile joim filling .,............._.........„... 210 — 220
Siltsione, red. slightly calcareous: goethiie ..._..................... 220 — 230
Argillite, blue-gray lo greenish-gray, slightly calcareous: calciie joint

filling and goethiie ..................................................................__......... 230 — 240
Shale, gray-brown, slightly calcareous: calcite joim filling and goethiie 240 — 250 '
Shale, red. moderaiely calcareous: calcile joim filling and goeihile ... 250 — 260
Shale, red. moderaiely calcareous: calcile joint filling ........................ 260 — 290
Shale, red, slightly calcareous; calciie joint filling, pyriie and goethiie 290 — 310
Shale, red. slightly calcareous; calcile joim filling ............................. 310 — 330
Argillite, blue-gray, moderaiely calcareous; calcile join! filling and

pyrite ........_,__,_............._.................................__.__......... 330 — 360
Argilliie. blue-gray, moderaiely calcareous; calcile joim filling and

goethiie ................................_....._......._.................. 360 — 370

Well Mg-725
Owner: Schwenksville Waier Co.

Depth
Description (feet)

Shale, red. slighily calcareous; calcile joim filling ....__............. 0 -— 20
Shale, red. slighily calcareous; quanz joim filling, pyriie and goethite 20 — 30
Shale, red, moderaiely calcareous: calciie joint filling, pyrile and
goethiie -_______......______._..._.__.__._____—..._ 30 — 40

Shale, red, slightly calcareous: joim filling ............................................ 40—50
Shale, red. a few green spots, moderately calcareous ............................ 50—60
Shale, red. moderately calcareous. About 4 feet of this interval is
purplish-brown ..«.........«........»..................,.............—............ 60 — 70

Shale, red. slightly calcareous; calcile joim filling ............................... 70 — 80
Shale, red. moderaiely calcareous; calcite and quartz joim filling .... 80 — 90
Shale, red. slightly calcareous; quartz joim filling ............................... 90 — 100
Shale, red. moderately calcareous; calcite joim filling ........................ 100 — 110
Shale, red. slightly calcareous; calcile and quartz joint filling ............ 110 — 120
Shale, red. slightly calcareous; calcile joim filling ........—............... 120 — 150
Shale, red. slighily calcareous ...........................................—.............. 150—160
Shale, red. slighily calcareous: calciie joim filling ............................ 160 — 180
Shale, red. slightly calcareous; calciie and quartz joint filling ........... 180 — 190
Shale, red, slightly calcareous; calcile joim filling ............................. 190 — 200
Shale, red, moderaiely calcareous: calcile and quartz joini filling .... 200 — 210
Shale, red, moderaiely calcareous; calcile joim filling ........................ 210 — 220
Shale, red. slightly calcareous: calciie joint filling ............................... 220 — 240
Shtle. red: calcite joint filling ......„.....................„....-..............._ 240 — 250
Shale, red. slightly calcareous; calcile joint filling ................................ 250 — 290
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Depth
(feet)

230 — 240

HOW AND WHERE THE WATER IS FOUND 23

Well depths and yields

The Brunswick Formation is a reliable source of small to moderate
supplies of ground water. Some wells yield more than 200 gpm, and if
yields of 100 gpm or more are desired wells should be drilled to depths

...... 80 — 1*0 * of at least 200 feet. According to Longwill and Wood (1965, p. 12),

...... 140—190 t _ _ _ "wells drilled to depths between 200 and 550 feet deep are most
....... 190 — 200 i û y to obtain maximum yields."
..'._. 2\o — 220 : Sufficient water for domestic purposes can be obtained at almost any
.„..„, 220 — 2So ' location from wells that ire drilled 40 or 50 feet below the water table,
joint > but yields large enough for industrial and municipal purposes are more

drilled to find the *"*'$ite for * Prod""'0" wel1-
difficult to obtain. If Urge supplies are sought, test wells should be

le .... 250 — 260
__. 260 — 290 ,
eihite 290 — 310 • Well location and spacing £
.......... 310 - 330 • t
! >nd Wells located in the valleys, where the water table is close to the „
.......... 330 — 360 • land surface, have more available drawdown than wells of the same depth " C
* *" 360 — T70 I located on hills. This is illustrated in Figure 9. Well spacing is generally J

i not critical when water is being pumped fo' domestic purposes, but '
wells should be spaced as far apart as is necessary, within economic }
limits, when wells are pumped for industrial and municipal purposes.

Depih | Where several pumping wells are closely spaced, the cones of depression
coalesce and the interference may be so great that the yield of each

.....__ Q — 20 I well is reduced. Wells less than 2.000 feet apart in the Brunswick
goeihite 20—30 j Formation have generally shown some interference. In the Brunswick
i" and ', Formation, interference between wells is greatest between wells that
............... 30 — « t tre logged p,raiiei to the strike of the beds, because the boreholes pene-
............... M _ M | tr»te the swne beds ind fracture systems.
lerval is i
......._. 60—70 Water quality
................ 70—80 i
filling .... 80—90 • Ground w»tet in the Brunswick Formation is of the calcium bicarbon-
..——....... ̂ "'no I «e type when the concentrations of dissolved solids are less than
it" I........ no — 120 ' 5°° n̂ B/l (milligrams per liter) and of the calcium sulfate type when
...„.."_....... 120 — \50 \ the dissolved solids tie greater th»n 500 mg/1. The median dissolved-
.................. 150 — 160 i solids content is about 500 mg/1. Median hardness is CaCo* is about
.....—...... 160—180 220 mg/u Aimost au ,he water meets U.S. Public Health Service stand-
ng .......... iso - wo i M(J$ for m-neral conlem.
: filling .... 200 — 210 I
................... 210 — 220 |
.................... 220 — 240 f
........_ 240 — 250

____....... 250 — 290
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Lockatong Formation

Lithology and structure

The Lockatong Formation lies immediately below the Brunswick
Formation. It consists of thick-bedded argillite (very dense shale and
mudstone). The Lockatong Formation is resistant to erosion and forms
a low ridge where it is exposed along the south edge of the Brunswick
Formation. Thinner beds of similar black argillite are interbedded with
the overlying Brunswick Formation. Like the Brunswick Formation, the
Lockatong dips to the northwest an average of 20°.

Water-bearing characteristics

The pore spaces in .the Lockatong Formation are very small, and most
of the ground water moves through a system of interconnected joints
and fractures. The fractures are narrower and more widely spaced than
those in the Brunswick Formation.

*.•
« Well depths and yields
Ig The yields of wells in the Lockatong Formation are low because of
u the smallness and scarcity of fractures. Well yields range from 4 to 40
JS gpm, and the average yield is about 7 gpm. Yields greater than those
„) required for domestic purposes are not available from wells in this
£ formation. Large-diameter wells drilled in this formation will yield
§ larger volumes of water than small-diameter wells for short periods
c * of time because the amount of water stored in the well is greater in
<n 2 the large-diameter wells. Aside from the storage factor, the drilling of
"Z c deeper wells in the Lockatong Formation does not materially increase

the potential yields of wells. Pumps should be set near the bottom of
oS wells because drawdown is large.

g, Well location and spacing
ul

Because the Lockatong Formation is resistant to erosion, it forms
ridges. Therefore, wells pumping water from this formation will not
usually divert water from the streams. The cones of depression developed
by pumping wells in the Lockatong Formation are not extensive because
of the poor water-bearing characteristics, therefore, interference between
wells is not a problem. A typical cone of depression in the Lockatong
Formation is shown in Figure 10.
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Figure 10. Cone of depression in the Lockatong Formation.

Water quality

The water in the Lockatong Formation is very similar in quality to
that in the Brunswick Formation, but it has a slightly tower hardness and
dissolved-solids content.

r& ' Stockton Formation

Lithology and structure

The Stockton Formation which immediately underlies the Lockatong.
is made up of three distinct members: (1) A lower member consisting
chiefly of sandstone and conglomerate, (2) a middle member consisting
chiefly of sandstone, and (3) an upper member consisting chiefly of red
shale. The outcrop of the three members of the Stockton Formation is
shown in Figure 11. The formation dips to the north and northwest an
average of 12*.
Sample logs of wells in the Stockton Formation are given in Table 4.

Water-bearing characteristics

Water in the Stockton Formation occurs in pore spaces between the
grains and in secondary openings (such as fractures) in the rock. The
size of the openings between the grains differs with the degree of sorting
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i . ? t'•? ' s..-5-»

Owner: Hatboro Borough Authority
Driller: Siothoft*

Well Mg-216

Depth
Description (feet)

Soil ......_._......__..„..._......__...................__........__.................. 0 — 5
Middle arkose member:
Shale, red ..................._......___._......_..........__..̂.................... 5—80
Sandstone, arkosic. gray, fine- to medium-grained, weakly cemented 80 — 100
Shale, red ...............______............„..„....„...„....._...............„........... 100 — 176
Sandsione, arkosic, gray, well-cemented ....................._..........._„ 176 — 182
Shale, red ........._...___.___...........................____......._.. .182 — 196
Sandsione. arkosic. gray ..........._............._.........__.......___..... 196 — 203
Shale, red ...............................___....._.........,.-.............__.._. 203 — 230
Sandsione. arkosic. gray, fine- lo medium-grained, weakly cemented 230 — 260
Shale, red, and gray arkosic sandstone ........................——.._.—... 260 — 27«
Shale, red __......__...__....__.........__.___...._............... 274 — 280
Sandsione. arkosic. gray, and red (hale ................................................. 280 — 297

Well Mg-219
Owner: Hatboro Borough Authority
Driller: Sioihoff

Depth
Description (feet)

No Sample __..__..............._................_............................_............... 0 —21
Middle arkose member:
Siltstone. gray lo red, sandy ............................................................ 21 — 38
Sandstone, arkosic. gray, fine- to medium-grained .................__ 38 —• 78
Sandstone, arkosic, bull-colored, medium-grained: tome brown
siltstone .............................,.............„................-..._.......—...•..."-... 78 — 115

Sandsione. arkosic. gray, fine-grained, calcareous ..............—.......... 115 — 128
No Sample ....................._..................................................... 128 — 143
Sandsione, arkosic. buff<colored. fine- 10 medium-grained, calcareous 143 — 158
Siltsione, reddish-brown, sandy, calcareous ...............................——. 158 — 164

28 MONTGOMERY COUNTY GROUND-WATER

of the original material and with the amount of cementation that binds
the grains together. The three members differ in their water-bearing
characteristics because of the difference in the grain size and the degree
of sorting. The middle member consists of well-sorted sandstone and
is the best water-producing unit. The lower member is less well sorted
and, therefore, does not yield as much water to wells. The upper member
of the_ Stockton Formation is the poorest producer because the fineness of
the sediments allows little water storage or movement.

s
Table 4. Sample logs of wells in the Stockton Formation in Montgomery

County, Pennsylvania
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Table 4. (Continued)

Depth
^____ Description___________________(feel)
Sandstone, arkosic, gray, medium-grained, calcareous ........................ 164 — 200
Siilsione, reddish-brown, sandy „..,...-„...„.„...„„.„„..,...•„„„.............. 200 — 215
Sandsione, arkosic. gray, medium-grained: some reddish-brown
siltsione ................................................................................................. 215 — 265

Sandsione. arkosic. reddish-brown, medium-grained ..................... 265 — 275
Sandiione, irkosic. gray, fine- 10 medium-grained, calcareous .......... 275 — 300

m.

:ion in Montgomery

Well Mg-230
Owner: Blue Bell Water Works
Driller: Ridpaih and Roller

————— • Depth
Depth ___ ____ ___ Description (feel)
l feel) ————^————____^^^_^^^_______

Soil, yellowish-brown ......................................................................... 0 —
..„.,„.....-— 0—5 | Middle arkose member:

; Silmone, grayish-red, weakly cemented ............................................... 5 — 25
.............. 5 — 80 Sandstone, arkosic. lighl-brown. very fine lo fine-grained .................. 25 — 40

-omenied 80 — 100 Siilsione. grayish-red, firmly cememcd ...............................___._.. 40—65
............. 100 — ITS Sandsione, arkosic. pale-brown, fine- to coarse-grained ................ 65 — 89
.............. 176 — 182 Siltstone. brownish-gray ........................_............„...................„............. 89—100
............. 182 — 196 • Sandstone, arkosic. brownish-gray, medium-grained, weakly ce-
.............. 196 — 201 . mented; tome brownish-gray silistone .......................................... 100 — 120
............... 203 — 230 Siltsione. reddish-brown and brownish-gray ..........._........................... 120 — 155
cemented 230 — 260 Sandstone, arkosic, pale-orange, medium- to coarse-grained ..._... 155 — 160
.............. 260 — 274 Siltstone, browniih-gray and grayish-red ..................._.............„........... 160 — 175
.............. 274 — 280 Sandstone, arkosic. pale-brown, fine-to medium-grained _............... 175 — 195
............... 280 — 297 j Silmone, grayish-red, sandy, firmly cemented _......_................... 195 — 100

I Sandstone, arkosic. brownish-gray and yellowish-brown, very fine
to fine-grained, firmly cemented ...___....„.„....„._....__.......... 200 — 235

'• Siltsione, brownish-gray, sandy, firmly cemented ............................... 235 — 250

Depth i
(fee,) w«» Mi-270

Owner: Blue Bell Water Works
0 — 2 1 j Driller: Ridpaih and Potter

............... 21—38 i Depth

............... 38 — 78 __________________Description__________________ (feet)

brOW" 7g_,15 ! Sill, Clayey, lighl-brown ...................................._.......™......... 0—20
_ • Middle arkose member:

............... - Sandsione, arkosic, pale-brown, medium-grained .............._.......... 20 — 27
v'reo'us' 143 — 158 Sill< brown' cllyey ---•--——•__——--.————.—-..-...--- 27 — 32

,„ ... Sandsione, arkosic, yellowish-brown, coarse-grained ........................ 32 — 42
............. 138 —— IO4

-""•*-.
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Table 4. (Continued)

Depih
_________________ Detcripiion __________________ (feel)

Siilsione. brown ....................... — ....._„_........._..„ __ . _____ ._ 42 — 52
Sandsione. arkoiic, pale-brown, very fine-grained .......... _____ ... 52 — 62
Shale, brown, riliy. calcareous .... ——— ...._ __ . _ . ______ _ 62 — 72

• Sandsione, arkosic, pale-brown, medium-grained .. ____ . ._._.. — 72 — 102
Sandiione, arkoiie. yellow, fine-grained __ . _____ : __ .. ___ 102 — 112
Sandstone, arkosic, grayish-yellow, medium- to coarse-f rained ....... 112 — 122
Sandstone, arkosic. yellowish-gray, fine-grained .............. . ...._. .. ._.... 122 — 142
Sandstone, arkosic, brownish-gray, very fine-grained ......... ..... ........... 142 — 176
Sandstone, arkosic. brownish.gray, fine- to medium-grained ....... 176 — 203
Siilsione. brownish-gray ...„„.„...„.„..... __ ... _ _ __ _. __ ............ 203 — 210
Sandsione, arkosic, light-gray, medium-grained —— -...._ ............ ...... . 210 — 233
Shale, silly, brownish-gray ........ __ ....._ _ , _ „. ____ „..«...„.... 235 — 241
Sandsione, arkosic, light-gray .............................................. 241 ̂  258
Shale, silly, light-gray, calcareous ............._......................„„.... 258 ̂ 270
Sandstone, arkosic. light-gray ...... — ................... __ ......... ____ .... 270 — 282
Shale, grayish-red, silly, calcareous ............................. _ ..................... 282 — 300
Sandsione. arkosic, grayish-red, medium- to coarse-grained, cal-
careous ...... _ ......... _ . _ ........................................... 300 — 310

Well Mg-275
Owner: Horsham Township Authority
Driller: Unknown ____________________________________

Depth
_________ _______ Description __ ______ (feel)

No sample ...... ___ ......... _____ _ _ . _ ...-.....„.„„.. ____ . __ ...... 0 — 50
Middle arkose member:
Sandstone, arkosic, grayish-red, very fine and fine-grained, clayey .. 50 — 150
No sample _____ ... _____ ______ .. _____ ..... ___ ... 150—160
Sandsione, arkotic. gray, fine-grained, clayey .................. ............... ..... 160 — 170
Limestone, cray, fine-grained ...................... _ ....... _ .............. 170 — 180
Sandsione, arkosic, brownish-gray, medium-grained ........... ..... —— . ISO — 197
Sandstone, arkojic, grayish-red, very fine and fine-grained ———— ... 197 — 270
Siltsione, grayish-red, sandy __ _ ..... _ . _______ . __ .. _ . 270 — 350

Wen Mg-276
Owner: Horsham Township Authority
Driller: Unknown ____________________________________

Depth
__________________ Description ___________________ (feel)
Middle arkose member:
Siltsione, red, some very fine gray sandstone ... ....... ............... ...... .... 0 — 1 2
Sandsione, arkosic, brown ................................................ 12 ̂  25
Arkose, gray, medium-grained ............................................. 25 — 50
Siltstone, red . _ . _ ... _ . _ ... .... ............................... __ ............. 50—72
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Table 4. (Continued)

Depth
Description (feet)

2 •————————————————————————————————————————•————————————
2 Arkose, gray, medium- to coane-grained ..........................._...._...._..... 72 — 80
2 Arkose. gray, medium-grained ...........___............._„________ M — 90
2 Sandsione, arkosic. yellowish-brown, medium-grained ........,._._.._.. 90 — 140
2 Siilsione, red, hard; some medium-grained gray arkose .....-........... 140 — 230
2 Arkose. gray, fine-grained ......._——.._........__.....__„____ 230 — 250
2 Sandsione, arkosic, yellowish-brown, medium-grained ....................... 250 — 298
$ Sandsione. arkosic. yellowish-brown, medium-grained; gnyiih-red
,3 sillsione ....„.....„...„...„.„...„.._..„.„...„._..............._.............. 298 — 320
0 Sandsione. arkosic, brown, medium-grained ..........................._............. 320 — 340
I* Well Mg-285
. Owner: Fort Washingion Industrial Park

l Driller: Pennsylvania Drilling Co.____________________________

32 ; Depth
00 _________________Description___________________(feel)

)0 Soil, yellowish-brown, sandy ........_.................—.........................——„ 0 — 5
Lower arkme member:
Siltsione. reddish-brown .....___._......__...............__...... 5 — 55
Sandsione, arkosic, reddish-brown, fine-grained, silly ...__._. 55 — 65
Sandsione, arkosic. reddish-brown, medium-grained ...................... 65 — 105
Sandsione, arkosic, pale-red, coane-grained .........................—........... 105 — 115
Sandsione, arkosic, grayish-red, fine- to medium-grained ................. 115 — 145
Sandstone, arkosic, pale-red, medium- to coane-grained ................... 145 — 175
Sandsione, arkosic, pale-red, very fine to medium-grained .......__... 175 — ISO
Sandstone, arkosic, pale reddish-brown, medium- to coarse-grained 180 — 198
Siltstone, grayish-red, sandy .____......_____-_____.......... 198 — 199
Sandsione, arkosic. pale reddish-brown, medium- to coane-grained 199 — 215

!70 No sample ............_........—........_.....——.........——————.——... 215 — 220
. .A Siilsione. crayish-red. undv .. ..... ... ...» ... .... 220 ̂ 225|JJy •»•• .*.—.... v>vf .*•. >.~, -V..VJ ....... ......................................... ™. ...

.„, No sample . ... .. .. .. . ._._........................._.._._ 225 — 230197 ' w •-...(..» —..................... ...
270 j Chickies quirtzite:
550 ! Quartzite, white, gray, and red ............................................................... 230 — 290

Well Mg-290
• Owner: Borough of Ambler

Driller: Ridpaih and Potter________________________________

ih Depth
t) Description (feet)

| Lower arkose member:
12 . Arkose, gray, medium-grained ...................—.....—.———............. 0 — 5
25 j Arkose, brown, coarse- to very coarse-grained ...——.........———.. S — 20
50 , Arkose, brown, medium- to coane-grained ......................———.——. 20—9!
72 Arkose. brown, medium-grained ........_..._...—..._............—. 95 — 110

Silutone, grayish-red ...................................—.........................—. 110 — 120
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Table 4. (Continued)

Depih
__________________Description ______(FceO

Arkose. brown, medium- lo coarse-grained ....................................... 120 — 135
Diabase: red sillsione .......................................................................... 135 — 140
Arkose. b-own, coarse-grained ..........................................................~- 140 — 144
Arkose. gray, medium- 10 coarse-grained ............................................ 144 — 161
Arkose. yellowish-brown, coane-gratned ....................................... 161 — 171
Arkose. yellowish-brown, medium- lo coarse-grained ........................ 171 — 175
Arkose. gray, medium-grained ............................................................... 175 — 185
Arkose. yellowish-brown, coane-grained ........................................... 185 — N5
Shale, grayish-red ........................................ .............................................. 195— 198
Arkose. yellowish-brown and gray, coane- 10 very coarse-grained .... 198 — 250
Arkose. medium- 10 coarse-grained ......................................................... 250 — 276
Arkose. brownish-gray, fine grained: red sillsione ...................... 276 — 286
Sillsione. red .......................................................................................__. 286 — 344
Arkose. coane- 10 very coarse-grained .................................................. 344 — 354
Arkose. medium- to coane-grained: grayish-red siltstone: diabase 354 — .84
Arkose. yellowish-brown, coane-graincd: grayish-red siltsione ...... 384 — 400
Arkose. pale-orange, medium- lo coarse-grained: red sillsione ........ 400 — 410
Sillsione. red ............................................................................................... 410 — 440
Arkose. gray, coane-grained: red shale .............................................. 440 — 450
Arkose. gray, medium-grained ..... ........................... .......................... 450 — 470
Sillsione, grayish-red .....................................,......."..,............................. 470 — 410
Arkose. gray, medium-grained ......................... ................................. 490 — 500

Well Mg-300
Owner: Nonh Wales Water Aulhorily
Driller: Ridpath and Potter

Depih
_______________ Description ________I fuel)

Lockatong formation:
Shale, gray ........._................................................................................... 0 — 3 0
Shale, dark grayish-red; dark-gray shale ............................................. 30 — -0

Slockion formation:
Upper shale member:
Shale, grayish-red .............................................__.__._.......__- 60—80
Sillsione. grayish-red; some fine-grained arkosic sandsione ................ 80—90
Shale, grayish-red ........................................._...........___.................... 90 — 355
Sandsione. arkosic. white, fine-grained ..„.„..........,.,.........„.„„„....„. 355 — 360
Arkose, light-gray, fine- to medium-grained: some red shale ......... 560 — 390
Shale, grayish-red: some grayish-red siltstone .................................. 390 — 450
Arkose. light-gray, fine- to medium-grained ....................................... 450 — 4«5
Limestone, gray .................................................................. .................... 495 — 500
Sandstone, arkosic, medium-grained .............................................—.... 500 — 505
Shale, grayish-red ........................................................._... 505 — 520
Sandsione. arkosic. brownish-gray, fine- lo medium-grained .............. S20 — 550
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Table 4. (Continued)

Well Mg-4.5 |-
Owner: Arvid E. Lyden •.
Driller: Ridpath and Poiier J' •

Depih 1",
Descripiion (feel) t1

Soil .........____....„.....„..„„...„...„....„...._„....„...„....„„„.„.„....„..... 0 — 2
Lower arkose member:
Sandstone, arkosic. yellowish-brown, medium- to coane-grained ... 2 — 22
Sandstone, arkosic, pale-brown, fine- to medium-grained ................ 22—62
Sandsione, arkosic. gray, very coarse-grained .........____.__... 62 —• 90
Sandstone, arkosic. brown, very fine-grained —...„.„...„„..„.....„.„„.„ 90—97
Sandstone, arkosic, brown, medium-grained ..........—.................... 97 — 130

Well Mg-489
Owner: U.S. Naval Air Station
Driller: Pennsylvania Drilling Co.

Depth
Descripiion (feeil

Soil, reddish-brown, sandy ................„...........„......„....„....„„..._.—....... 0 — 7
Middle arkose member:
, Sandstone, arkosic, yellowish-brown, fine- to medium-grained ...... 7 — 1 7

Sillsione. grayish-red .............————...........—.......—........._.—„ 17 — 21
Sandsione, arkosic. yellowish-brown, fine- to medium-grained ..... 21—29
Sandstone, arkosic, grayish-red, fine-grained ..............................—... 29 — 33
Limestone, light-gray, clayey ..._._...........__..................—............. 3! — 41
Sandstone, arkosic, yellowish-brown, fine-grained ................................ 41—48
Sandstone, arkosic. yellowish-brown, medium- to coane-grained .... 48—50
Sandsione, arkosic. grayish-orange, fine- 10 medium-grained .............. JO — 60

Well Mg-490
Owner: US. Naval Air Station
Driller: Philadelphia Drilling Co. ___

Depth
i Descripiion (feel)

SO t No sample ._._______.............____..._..._............ 0 — 22
355 J Middle arkose member:
31-0 i Sandsione. arkosic. grayiih-orange and yellowish-brown, very fine-
j-'O I 10 medium-grained, silly ......„„..„..„.......—_—................——— 22 — 32
450 . Sillsione, pale-brown and grayish-orange, sandy .................................. 32 — 41
4«5 Sandstone, arkosic. yellowish-brown, very fine- to fine-grained ..,..,., 41 — 47

• 5i'0 . Sillsione. brownish-gray, sandy ..........................———..........—......... 47 — 51
• 505 Arkose, yellowish-gray, very fine- to medium-grained ........................ 51 — 67
• 5:0 Silistone, gray and grayish-red, sandy ...........—....——...........——. 67 — 75
5^0 Sandstone, arkosic. grayish-orange, very fine- to coanif-grainird ........ 75 — 120

:•*
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Table 4. (Continued)

Depih
__________________Descripiion___________________(feet)
Sihstone, arkoiic. grayish-orange and brown, very fine- to medium-
grained ............___.._—.„—..........____.„...._„......._..._._.... 140 _ 158

Siltstone, fray ..._..._............._.....__........__.__.._... 158 — 165
Sandstone, arkosic, grayish-orange, medium- 10 coarse-grained ....... 165 — 178
Siltsione. grayish-red; some orange arkosic sandstone ........................ 178 — 185

Well Mg-495
Owner: American Chemical Paini Co.
Driller: Ridpaih and Potler_______

Depth
__________________Description___________________(feel)
Upper shale member:
Soil and clay .........'........„...._........................_._......._............... 0 — 17
Sandsione, arkosic, light-gray, fine- to medium-grained .............. 17 — 20
Shale, grayish-red, silty ............__................................................... 20—39
Arkose, yellowish-orange, fine- 10 medium-grained ..........._..._ 39 — 48
Shale, grayish-red, silly ................................__...f......................—. 48 — 110
Sandstone, arkosic. grayish-red and brownish-gray, fine-grained ..... 110 — 130
Shale, grayish-red ...............__...____......_........._......_.....„... 130 — 150

1 Middle arkose member:
<! Sandstone, arkosic, pale-brown, fine- to medium-grained .....___. 150 — 160
•* Sandsione, arkosic, pale-brown, very fine 10 fine-grained; some red
j shale .....__,.........„....„..,........:_._.....__......__.....___.. 160 — 180
i Arkose. gray, fine- 10 medium-grained ................_....._.............. 180 — 190

Sandsione, arkosic, brown, medium- 10 coarse-grained ........——... 190 — 200
3 Sillsione, grayish red ..........................._..........._....___._. 200 — 210
^ Siltsione. arkosic. pale-brown, fine- to medium-grained .............. 210 — 245

Shale, grayish-red, silly ,...„..„„........_............_„_..._..... 245 — 260
Sandstone, arkosic, yellowish-brown, medium-grained ................ 260 — 266

I Well Mg-499
; Owner: Borough of Ambler

Driller: Ridpaih ind Potier______________________________
Depth

__________________Descripiion____ (feel)
Lower arkose member:
Shale, brown and grayish-red .................................................................. 0—20

• Sandsione, arkosic. brownish-gray and yellowish-brown, very fine-
to fine-grained ................._.___._.....—...——...——- 20 — JO

' Sillsione. grayish-brown ...................................................—..„............_ 30—40
1 Sandsione, arkoiic, grayish-red, very fine-grained .——————...—— 40—42

Shale, grayish-red, silty ....................................................... 42 ™- 52
1 Sandsione, arkosic, lighl-gray. fine- lo medium-grained —...——.... 12 — 72

Shale, grayish-red, liliy ..........._........„..„...........—.—.———..— 7J — 12
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Table 4. (Continued)
__________________________ L

Depth J - . ,'
Description _ (feet) |r

' ' l..'
Sandsione, arkosic, light-gray, medium- to coarse-grained .............. 82 — 115 i •; _•
Sandstone, arkosic, pale-brown, medium- to coane-grained „.„.„.„. 115 — 172 |' • '• .. » : •
Shale, grayish-red, silly ............................................................ 172 — 175 j' ;. • -. •' / .\
Sandsione. arkosic, gray, coarse-grained .,.,.....„......„...————...... 175 — 185 |~ _ 't~ ' '<• ĵj.
Arkose. lighi-gray, medium- 10 coane-grained ..._........„,.„_... 185 — 225 ^ • • ; " .4
Arkose. yellowish-brown, fine- to medium-grained ....................._. 225 — 235 V'. :
Arkose. yellowish-brown, medium- to coane-grained ...........—..... 235 — 300 ;£• -••. •

Well Mg-500
Owner: Borough of Ambler
Driller', Ridpaih and Pouer___.__________________________

Depth
j _________________Descnpiion___________________(feei)
1 Soil ............_____.___,...,_„„__.._.......„_................_..__.............. 0 — 5
j Lower arkose member:
t Sandsione, arkosic, yellowish-orange, very coane grained,'conglorn-
i eratic ........._„.....„.........„.....,..„........,.,................—........ 5 ~. 28
i Shale, grayish-red, sandv .......„:'—.....„......_........___...._..„.........„. 28 — 40

Sandstone, arkosic. pale-orange, coarse- to very coane-graincd ...... 40 — 70
; Sandsione, arkosic. brown, fine-grained ........——.——...................... 70 — 110
: Sillsione, brown, sandy .....-..........................,.......—................ 110 — 120

Sandsione. arkosic. gray, medium- to coane-grained; some red shale 120 — 150
Shale, grayish-red .„„„.......___.__.................................. 150 — 190
Sandsione, arkosic, pale-brown, fine- to medium-grained ................. 190 — 220
Shale, grayish-red __........__...._—___................................ 220 — 230

I Well Mg-532
! Owner: Selas Corporation of America

Driller: Ridpaih and Pouer ___________
Depth

I ________ Description (teei)
Soil, yellowish-brown ......................................——................... 0 — 5
Lower arkose member:

' Silutone. redd'uh-brown. pebbly ....._...„„..„....—.......................... 5 — 50
Chickies quartzite:

i Quaraiie ......................—........——...———.....................——.... 50—184

1 Well Mg-533
0 ; Owner: A. F. Pieolet d'Hermillion
4) ', Driller: Ridpaih and Pouer_________̂ ^̂ ^̂ ^̂ ^̂ ^̂ __̂ ^̂ ^̂ _̂̂
12 ~" Depth
^ Description__ _______________tteti)
gj . Soil .........__..„„..„......,.._....._....„.........:..-..........__............. 0 — t

f
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Table 4. (Continued) Stock
high->
the k

Description tfeet)—•———————————-—————————— , penet
Lower arkose member:

Silt, dark yellowish-brown .....,....—................„...„——_................... 1 — 20
Sandsione. arkosic. brown, very fine- and fine-grained ..................... 20 — 32
Sandstonê  arkosic, grayish-brown, fine- 10 coarse-grained ............. 32 — 60
Sandsione. arkosic. brown, coane- lo very coarse-grained; some
brown sillsione ..........................................—...—.......—........... 60 — 100

Sandstone, arkosic. brown, medium- to coane-grained ............... 100 — 110
Shale, grayish-red, silly ................_____....._,_....„.................... 110 — 112
Sandsione. arkosic. yellowish-brown, coin..grained .......................... 112 — 13* _G

Well depths and yields largfcom
The highest yields and specific capacities (yield per unit of draw-

down) reported are for wells tapping the middle sandstone member. wltt
The average reported for wells in this member is 131 gpm. Next in
order of water-yielding capacity is the lower member of the formation.
with an average yield of 106 gpm. The lowest average yields (19 gpm)
and specific capacities are those reported for wells drilled in the upper
shale member. In some of the tests made on wells tapping the Stock-
ton Formation, it was noted from brine tracing tests that some zones were
thieving water from zones of higher artesian head. That is, water from a
zone of higher artesian head is entering the well, moving up or down to
» zone of lower head, and flowing back into the rock.

Well location and spacing

Wells drilled in the Stockton Formation should be located where
they will penetrate the greatest saturated thickness of the most perme-
able bed. This means that a well should not be drilled on the outcrop
of the permeable bed but, rather, at a location downdip from the outcrop.
This might even require that a well be started in the least permeable
bed. Data concerning proper well spacing are lacking, but wells should
be as far apart as practicable.

The topography in the area underlain by the Stockton Formation
gives good clues concerning its lithology. The more erosion-resistant,
coarse-grained beds of the formation stand as ridges; the softer sediments
have been more deeply eroded and underline the valleys. Wider ridges
tend to indicate the presence of thicker, coarse-grained sections of the

perm'
from
bed z
mem1

in

are

Fi,
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Stockton and, probably, better sources of water. The best sites for " •
high-yielding wells can be located by combining this information with f-
the knowledge that the formation dips to the northwest. The cross -

'JPIn
oet)

mation
-istanl.
iments

section in Figure 12 shows an application of this knowledge. Well A |
- •penetrates the permeable, high-yielding bed as well as the lower im-

20 ,' permeable bed. Well B is drilled to the same depth, but, being downdip £ v
~_ J2 from the outcrop area, it penetrates a greater thickness of the permeable f '
_ 60 bed and is likely to yield more water. Penetration of the higher yielding f!f

members of the Stockton Formation is more important than well depth. r;_
— 100 . v

Water quality i *•

Ground water in the Stockton Formation in Montgomery County is
largely of the calcium bicarbonate type. The median dissolved-solids

; content is 200 mg/1. Median hardness as CaGO* is 130 mg/1. Water
jraw. in the rural areas has the lowest median dissolved-solids content, and
-rtber water in urban areas has the highest. This indicates that contaminants
,M |n are entering the Stockton Formation in the urban areas.
•jtion. i
gpm)
upper i Well A
Stock-
5 were
:'rom a
wn to

£•
«f- ^ ^

where
perme-
utcrop
atcrop.
•neable
should

Figure 12. Well (B) drilled to take advantage of more saturated }•
Of the permeable material. j

200197



38 MONTGOMERY COUNTY GROUND-WATER

Paleozoic Rocks wells
openi

Lithology and structure openi
test d

Rocks of Paleozoic age underlie the above-mentioned formations, except pump
in the eastern part of the county. Where Paleozoic rocks are exposed
in the southeastern part of the county, they consist of limestone and
dolomite and sediments that have been metamorphosed (altered by heat
and pressure) into very hard, erosion-resistant rock. The beds have *'
been extensively folded and faulted.

solve.
Water-bearing characteristics hardr

from
Most of these formations are so well cemented that little or no inter- the h

connected pore space remains. As a result, most water occurs in and
moves through secondary openings. In the metamorphosed rocks, these
openings consist of fractures; in the carbonate rocks the openings are
usually fractures that have been enlarged by solution. The weathered
surface of these rocks yields very small amounts of ground water. ££i
Thicker deposits of weathered material might occur in stream valleys, north
and in these areas the water contained in this material would add to posed
the ground-water storage. occur

Well depths and yields '"jj?

Most of the wells drilled in Palezoic rocks range in depth from 65 I50*1?'
to 600 feet. The yields of wells tapping the secondary openings are 'n
directly related to the size and number of saturated openings penetrated
by the well; both the size and number of these openings decrease as
depth increases, except in the carbonate rocks. Therefore, if a significant
amount of water is not obtained by drilling to a depth of 300 feet it
would be better to redrill at another site than to drill deeper.
Well yields from the more permeable carbonate rocks range from

25 to more than 1,500 gpm; the larger yields occur where saturated,
well-developed solution channels are tapped. The yields of wells drilled
in the quartzites or the denser carbonate rocks are usually low, ranging

j., from 2 to 10 gpm; occasionally wells are drilled that yield almost
•" j no water at all.

^ Well location and spacing

Very few data are available to serve as a guide in locating wells in
Paleozoic rocks. The spacing of wells to minimize interference between
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tions, except
are exposed
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1 beds have Ground-water quality differs greatly from one unit to another in -——-•*'
the Paleozoic rocks. Water from some of the quartzites has a low dis-
solved-solids content that ranges from 32 to 51 mg/1, and it is low in
hardness, which ranges from 15 to 52 mg/1. Dissolved solids in water
from the Paleozoic carbonate rocks range from 198 to 243 mg/1, and
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wells would depend on the number and size of the saturated solution
openings encountered in each well. The location of saturated solution
openings cannot readily be determined at the land surface; therefore,
test drilling is recommended before the permanent well is drilled. A
pumping test would help in determining the proper well spacing.

Water quality

the hardness ranges from 198 to 270 mg/1.

Igneous Rocks
Lithology and structure

Relatively young igneous rocks have intruded the Triassic rocks in the
northern part of Montgomery County, and older igneous rocks are ex-
posed in the southern end of the county. The younger igneous rocks
a, ;ur as dikes and sills (tabular or sheetlike bodies), which were in-
truded into the Brunswick Formation. These intrusives are fine to
medium-grained diabase. The older, Precambrian igneous rocks are
coarse-grained granitic rocks. The total outcrop area of all igneous rocks

penings are in Montgomery County is small.
s penetrated
(decrease as
B significant
300 feet it

range from
t saturated,
veils drilled
DW, ranging
ield almost rocks. Domestic supplies can be obtained, but some failures can be

expected. If a significant amount of water has not been obtained at
200 feet it would be better to drill at another site. Below 100 feet very
little water is obtained by wells in the diabase. Because the yields

Water-bearing characteristics

Ground water in the igneous rocks occurs in the fracture systems that
developed in these rocks after they solidified. Fractures in these igneous
rocks are usually narrow and widely spaced and do not extend to
great depths.

Well depths and yields

Only small yields can be expected from wells tapping the igneous i- —

from these rocks are low, the spacing and location of wells is of little
importance.
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40 MONTGOMERY COUNTY GROUND-WATER

Water quality

The quality of the water from the igneous rocks is generally good.
Water from some wells in the Triassic diabase contained as much as
0.5 mg/1 iron. The total dissolved-solids content and hardness is low.

Metamorphic Rocks

Lithology and structure

The metamorphic rocks in Montgomery County consist of gneiss and mer
schist. The upper surface of these rocks has been weathered and is soft.
but at depth the rocks are dense and hard.

Water-bearing characteristics

Ground water is found in the fractures in the metamorphic rocks
but the fractures are small and widely spaced, and they become smaller
with depth.

water suppl.
Well depths and yields wells soon s

caused pollt
The metamorphic rocks are poor .sources of water. The amount of

water yielded to wells is small, on the order of 1 or 2 gpm, and many
failures have occurred. If a significant amount of water has not been
obtained at 300 feet it would be better to redrill at another site. Yields
of 50 gpm have been obtained from a few wells in the metamorphic
rocks.

Water quality

The quality of water in metamorphic rocks differs considerably from
place to place. In some areas water in these rocks is very highly min-
eralized and is not used. Chemical analyses of ground water in Mont-
gomery County are presented in Table 7.

SURFACE-WATER BODIES

Montgomery County is on the drainage divide between the Dela-
ware River and the Schuylkill River. The largest tributary to the
Schuylkill in Montgomery County is Perkiomen Creek, which drains the
northern half of the county. Unami Creek, Skippack Creek, and Swamp
Creek are tributaries of Perkiomen Creek. Wissahickon Creek drains
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CHANCES IN THE HYDROLOGIC SYSTEM 41

the southern part of the county. The southeastern part is drained by
streams that flow into the Delaware River above the Schuylkill River.
Green Lane Reservoir, near the headwaters of Perkiomen Creek, is

1 as muc as ^ largest impoundment in Montgomery County and is operated by the
rdness K low. Philadelphia Suburban Water Company. Two proposed reservoirs on

Skippack Creek and East Branch of Perkiomen Creek would supply
water to the central part of the county. A proposed reservoir on Unami
Creek near the Bucks County line would also supply water to central
Montgomery County.

HOW MAN HAS CHANGED THE HYDROLOGIC SYSTEM

PRESENT STATUS OF DEVELOPMENT

The hydrologic system in Montgomery County began to change early in
the life of the area. Initially, homes were located near readily available
water supplies, such as streams and springs. For several reasons, shallow
wells soon supplanted these sources: increased population along streams
caused pollution; many streams dried up in the summer; high water
usually carried a heavy sediment load; and people wished to build
homes farther from streams. Eventually, almost e ry house had a
shallow dug well from which water was withdrawn from the upper
few feet of the aquifer. As the population increased, many individually-
owned wells were abandoned, and public-supply wells were installed.
These public-supply wells were, in most cases, drilled wells that pumped
water from deep aquifers. Also, several springs were developed for
use in the municipal systems. Pollution of the shallow part of the ground-
water reservoir by water from septic tanks eventually forced ffie abandon-

,. , ment of many more wells tapping the upper parts of the aquifers. These
h™h1 m- We"S WCre replaced by deePer Public-supply and industrial wells. As the

^ M demand for water increased, wells became concentrated and ground-water
ater in n levels in the central part of the county started to decline. Waste water is

still discharged to septic tanks in many of the housing developments, and
pollution of the shallow part of the ground-water reservoir is serious.
One means to reduce pollution from septic tanks is to install sanitary

ten the Dela- I sewers in the suburban areas. This will, of course, increase runoff and ^
iutary to the I reduce the recharge to the ground-water reservoir. Some additional (
ich drains the I lowering of the ground-water levels may result.
:, and Swamp I Where municipalities and industries are using surface water, they not
Creek drains I onlv reduce the flow of the streams—they also raise the temperature of
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42 MONTGOMERY COUNTY GROUND-WATER

the water they return to the streams. Also, pollution is discharged into
the streams in the form of sewage and industrial waste.

GROUND-WATER PUMPAGE
Several Montgomery County municipalities and urban developments

' use ground water for public supplies. The locations of these communities
and other communities using surface water are shown in Figure 13, and

.-f. ornimH-u/atpr numnaop i« siimmariTpH in Tahlp 5. Other municinalities

-

, ... », ,,|.n,..|;;'

in Montgomery County use ground water that comes from wells
in another county. The Philadelphia Suburban Water Company
water to several areas in the county, but not all of their supply
ground water.
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It is reported that 4.7 mgd (million gallons per day) of ground water
is pumped from the Stockton Formation in Montgomery County. Of this
amount, 3.2 mgd is for public supply and 1.5 mgd is for industrial use.
Total withdrawal of water from the Brunswick Formation in Montgomery
County is estimated to be 11.5 mgd. The total pumpage from the other
formations in the county is estimated to be 3.0 mgd.

Table 5. Summary of ground-water pumpage for municipal and urban
developments in Montgomery County, Pennsylvania

Average dally yield
Number of Number of for 1967 In millions

Supplier wells springs of gallons

Collegeville ........................................ 4 — 30
Dublin Water Co. ............................ 5 — .09

Hatfield Borough .............................. 4 — .26
Hatfield Township
Colman Water Co. ........................ 2 — .04

Lansdale .............................................. 17 — 1.75
North Wales Water Authority ........ 4 — 4.0

Red Hill .............................................. — 1 .40

Telford ................................................ 3 — 35
Whitpain Township
Blue Bell Water Co. .................... 4 — .44

* also uses water from Perkiomen Creek.

Additional supplies of ground water could be developed in many
parts of Montgomery County. A map of the county (Plate 1) shows
typical yields of wells. Much of the area in the northern and western parts
of the county, where moderate yields are obtained, could be developed
further.
Data for 887 wells are listed in Table 6, and the location of selected

wells are shown in Plate 2.

SURFACE-WATER PUMPAGE

Data from the Pennsylvania Public Utility Commission Rates and
Research Bureau gives information on the use of surface water in Mont-
gomery County. Three municipalities supply their own water. The rest

L--
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ôn
tt
nu
ed
.

-

t-jjiu»H

«n
(iudf) ppiJl

L. (iwj)C tttjjnt puej
-_ MOW itfdsa

S— juauiwnieaui
-s >̂ ai«a

txuvu wjinbv

(»WJ) »U1SB3 JO
wonoq oi if)d»a

(193J) mdap IBIOI

(eipui) j»t»uiiia

UO(13OJ1SUO3
jo pomaW

0»J) 19A9I
»oj 3Aoq* apmuiv

p319tdUI03 91CQ

»11MQ

«UA.O

j»quinu DOimcn

«9quinu n>M

SS § S SSS SS SS ;5SSSS SS

_.0_=_Q3_.<_33_-._x£S_3S-2= _ _ _ _ _ _

SSSRSI 1 1 IS| |SS|ISg2SSSSISSSgSS

SRSSSR25IE2I 1 12|2"S|8S2.:S8S5ES

S£ — ££i*i "w *•• i^ cf,«oeoti«i^

•£•£•£•£ •£"*"•£•£•£ •£«•£ •£•£•£ •E-EE'S •£•£•£ -E •£•£•£•£•£

I M I 2 I M I I S M I S I^R*?55 IR 1 ISS IRS
g||g§ggss§si l i 5i§|s§slSSi§g|E§

sa 2! H S
§§QDOQ££SDlSgQQQDSQQ°OaDQOOQQQ

SSSSSi I iSSRSgsgssgi|Ssg|gsssRs
i i i ? 5 i i i S S i i i i X i R S i S g S S X S X R S S S

5 % | 1- 5 11? i i *:?§ a» =£
««iiiifl|MM Ji ^ i j a i J i | l i i J J

• liiijn in ii
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WATER PROBLEMS 71

of the municipalities in Montgomery County using surface water are
supplied by private companies. The amount of surface water pumped for
selected municipalities is shown below:

I •* E S - " I Pumpage in millions ol
,. Supplier Stream gallons during. 196S

I S ? i ? S *f East Greenville Perkiomen Creek • 57.42
— — — — — "^ Roycrsford

2 ' (Home Water Co.) Schuylkill River 320.27
Norrislown Schuylkill River 2.875.74
Potlslown Schuylkill River ' 880.00

12

5f
IUUI

" Part supplied from ground water.
I M II I I
,a-•< m e ̂  _ The Philadelphia Suburban Water Company uses both ground-water
' - S s 2 K s an(j surface-water sources and supplies many cities and towns in Mont-

«; gomery County. There is no breakdown of the amounts of water from
: * ' * f 1 , each source used by this company. Surface-water supplies in Montgomery

County are adequate for the present needs.
; T T T -C T -Z ^ r
I O O Q 2 Q 2

1 ' ' ' ̂  ' WATER PROBLEMS RESULTING FROM THE
1 ' ' ' 5 i ACTIVITIES OF MAN

Three water problems that have resulted from the activities of man
in Montgomery County are (1) declining ground-water levels, (2)
changes in streamflow caused by urbanization, and (3) contamination

• of ground-water reservoirs by domestic and industrial wastes.

DECLINING GROUND-WATER LEVELS

I When water is withdrawn from a well, either by pumping or by arte-
' sian flow, the ground-water reservoir is modified. Two effects of pumping

that cause concern are declining ground-water levels in the vicinity of
11 o I , the pumping wells and lower yields from the pumped wells and nearby
'E 1 e 1 ' wells. The cumulative drawdown effect from closely spaced pumping
Is .J; , • wells affects the yields of all wells in the cone of depression. A cross
^ * -g < _ ̂  section showing drawdown (lowering of ground-water levels) in the
;|| iz i vicinity of a pumping well and the effect on the water level of a nearby

well is shown in Figure 14. The amount of interference depends upon
the complex relationship between the rate and duration of pumping,
distance between wells, and the hydraulic properties of the aquifier.

ii

200231



• l i l l l l
*1

72 MONTGOMERY COUNTY GROUND-WATER '

CHANGE

The effect;
yet readily a
as the countv

' as developm.
ings, sidewa

' between rair
higher. Drai
low flood of
and more cc
will reduce t
into stream i
The qualii

• unless the d
intelligent pi.»

CONT,

Contamina
eral ways. I
and no sanit,
pollutes the s
oil storage t;

4 are very diffi
last a long tin
cause polluti
cipitation on
into the shal
runs overland

In Table 7
, are presented

in these watt
., chemical anal

on possible
through consc
tures in this t

*

CM —

J

\ \

i \
\ \

\ {

*-. \

! / M^ /
i / «c.- |

5 ll *\
c '̂' \

*/ %\
*:' o\c . o •

\| |•'
: i

j /

j /i

/

t
|

£n
tn

1
c

*
.2
ra

ii
0).c

g
V)t;£
UJ

.*'
s3opiz

200232



WATER PROBLEMS 73

CHANGES IN STREAMFLOW CAUSED BY URBANIZATION

The effects of urbanization on streams in Montgomery County are not
yet readily apparent, but changes will probably become more noticeable
as the county continues to urbanize. The flood-flow peaks will get higher

' as development increases. As more land area is covered by roads, build-
ings, sidewalks, and parking lots, the runoff will increase. The time

' between rainfall and runoff will shorten, and the flood crests will be
•d higher. Drainage patterns will be modified to move the water faster. The
S. low flood of streams will decrease because reduced infiltration, faster
§ and more complete runoff, and more evaporation from paved surfaces
J will reduce the amount of ground water available for low-flow discharge
a into stream channels.
J2 The quality of the water in the streams will be seriously degraded
§• * unless the disposal of domestic and industrial wastes is controlled by
c intelligent planning and strict enforcement of standards.
I
S CONTAMINATION OF SHALLOW GROUND WATER

£ Contamination of ground water in Montgomery County occurs in sev-
i eral ways. In areas where there has been much housing construction,
^ and no sanitary sewer systems have been installed, septic-tank discharge
~ pollutes the shallow aquifers. Leakage or spillage of hydrocarbons from
° oil storage tanks and pipelines can pollute the aquifers. Hydrocarbons
•Q t are very difficult to remove from the aquifer, and the pollution effects
*: last a long time. The disposal of solid waste by the landfill procedure can
111 cause pollution of the shallow aquifers in Montgomery County. Pre-
•» cipitation on the waste material moves downward, leaching pollutants
^ into the shallow aquifers. Pollution leaching from landfill areas also
3 runs overland into surface-water bodies.
£ In Table 7 chemical analyses of ground water in Montgomery County

, are presented to give a background for the ranges of various elements
in these waters. In urban and other heavily pumped areas periodic ^

, chemical analysis of the ground water would be advisable as a check f ' ~~
on possible contamination. Polluted water generally moves slowly
through consolidated rocks, but it can move rather rapidly through frac-
tures in this type of rock.
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S IKpJS |SŜ S..:S = 2SS?!.?.S5K5K5
«N «H C<

88S5iSS5g^Miiggig|gggg

— -r f* ••

1 <?--* II ~- 1 •: - II 1 1 1 1 1 -f-§-: 1

c a q q i O N . M « _>s ^ n r , t - i ~ s _ _ _ _ _ a

'sss'^sssssst^^ssiss1
,,s_,. .,„„«,, , ,,5-,= -.,_5

*~ S S S 5 S =

l» 1 Ml,; 1« s sg » •= s ss

q « *

]!??9 I^SSrfrC ?!^S»3$«i^M -ilnS-^'P 1

I S I M I I S I g g l l l l l M S I M S I
S"SSS5;82r-^ a.^SSSRSSSSSq . . . . . . . . . _ . . . . . - - - o

|;*KIS*RRRR|||G*-»R»K<):.*'

is.;.;!.;.!.;.;̂ .;! i i as i K s l K.: i i
SsllsslsSllssssSssillsi-!
--SsaS8H«JJRR*R«aaierSS*2g

j
I
[I, „_,,„.,.„........„...„,

H

„ s _ _ _ _ ' _ _ _ _ ' M l .
5: S

1 I

Q M ^ - r * ^ — — - . - — — —— — — «M |v,|r

•| "•" ""'"••' IS55IRSSRSSRSBS5S5K5SKVI |g|;

I I IS

1= If
I I I ?
iiil
ssss

200234



75

||S' M if s g s i g i is§§gigg|jg|i M

S3 I R SSK | R 5 S ? S 5 S R S S S 2 S gS S R 8 ¥ S S 5 £ S S R I £5 =•.— <f1|w.«-»w«.*-w.w.«-*>-^*-«-»-».^- — S — (N ••••— w-*.w-'»-i— w «. —

«*it»^r--ir*i^.ip^-g^»^*r-O — (N r - - ^ * O i | | * * - " " Q Q l « ^ « < s « * t - > ¥ ^ t ^ ^ » N
S I £S5 -iasaRSiSRR 2S2SS2S M I £»gg I R R a !_ » I R*s

M *! ". ". *• *. ™. °. °. *•• °. *:*>, *l 2'!'"!*1|*:':1''!*»|«>*?l l ^ " f » * * & l K ) f " ^ — M»*-*°f^CT,P<<^,DiP^ff,f- m ' m u ^ v ^ v O '^ t^

••; «n <s»oqpeoqo»^ ^"O"^ o w q

I I I q I I I I r , I I I I I I I I

I I « „ „-
l O - * M f

KRgESI |SIKSSSlRMRK;SIRSSS;IM'-iSI?8SS£R*IR''K

|8 M I 8 I I I I S I 88 I 8 I I I I 8 8 I oS I I I M 1 I I 98 I 8858 I I 2 M

S---^? =2 = g 5 2 _ _ _ 8 = q « q o- S 5 E ?

558 = =! i |B|$J8RR la I IR8RS laSSRR I I I ».- l-.8SS

ISS M

200235



76

1
1
s1 1

•E S
1 SU -
^ *
•> iS a

M

I
Bfi

Joi<o

Hi

(3.SC 1»
•OqUiOJ3]UJ)

«(5 ajfUOqjlS

5 S uiniaio

(«ON) »>«>IN

(j) apijonij

COS) 'I«JPS

CODH) 31.uoqj.3I8

(IN) umipos

(13) uin|3|to

.--.JTS*
fit uoj| jtioj.

(•CIS) nms

U.)-. ————— X

UOI133H03 JO 3ltQ

uqtunu u'AL

1§SR5! 1 SSsssRi i i i ilSSs1 'IS?

»„-" 1 I »-g- « M 1 1 I5~ g8 ls -

KSSR|§5«§SS£Mii isSiRgssSS
r» eo >O •*• Q o IN tji (N <N *r (N l i l i ivNr>49t>v-eoo>£>ti^
H>3r*^9<Sa>>fiOKi9<>— *^l | | 1 |Q*Vf*tt>tCft7>fi4Qe&

--.-:r| j -t =!-:-.«!-: | 1 | | | 1 q o. *, q g - q -

,=225s-2g,SS2Si£S|s5«5l5,R

atN*^>e>-H^aot^»^pa>eot i 1 t l o W *"'•< 1 ip-aof^
22^52 P i i S - - - ' ' ' ' — 2 — £ ' 'S — R

1 ^9«5s*. M N I q ^ - j s l l ^ q q

«J
— •• -• «N

1 5oriet^<v MM !„__„ 1 1 2^

5as38as,a3Sa«aasH = 3 S I I R a e

^, «n HI ̂J g »n «fN-O0>r~^*Nr-*+O fi 9 *** S S 1 |*~^cr>

g 1 1 1 1 1 88383^1 1 1 1 ISlSSooSS"
O

gS.SiSSI S.5SS8I 1 1 1 la-SRSI^sSS

t 2 8 R i i = s 8 a 2 S i i l i i8SSs=i=SS
ISKift i 1 i 1 SSS 1 I 1 1 1 ISSSS I I KJS

*ss?i ! s5gss*IISSS*l**??sss

SS^HKX»mR8ilSS3miBI

8'*
BSi
§15

§' (*4
-

R IS

K IS

200236



77

'2522 2JS22S252S52 i I I 12225 SBSSSS >2 IBJ33
l "iSS 8 i KgSSilSSI.-1 i i i isgcg i M I, | igi i ,gg

I

I i^ss

St S £ S tt PO**r^&tper^>*^siftQ^9'st>*^*«-ta*tv^'^*^*r(sii9>*>fsssss SEsSSSssss s-SSssSSSs SsSS ' 's-
§ «. •« =>. 1 ' .-, _ „ _ „ » q q S •*l°;(r*nqqqTaq« qqoggr«" '-^^.^lO -^ •_'ri

«>. \-.-.~«.-.~.-°. °. \ \ \ I \-.%°.°. | I I I I I I - I «! Ill

, ^ 9 ^ ™ n^*: °.°.
-_S_ —* ^lft_-0_iot*S__e

IrEssHsJsi^is ' ' ' ' ' ' laS'S ' i
M - P 5 | I -, q « q -;-.-. = » I c> ̂  ~ . >: ̂  « . M I I II I ~ o. IMI

r I
° " - -

»|g?.;»3:?!.»BS9s$$KiS«.; 1^1 i i i i s;s is i
SI8SSSS8882I I ! I I I R S 8 S ig 8 S I I 1 8 1 - I I I

***lM fi--i<_>io*n->itH>f^-nt<i— — *« I I I I I I t wi I • I

S I S S I M K S I E I I S K S I M I I I I I M M M I I I . !

iiiii _ - _ _ _ _ _ _ _ _ _ _ _ ^

200237



•-•i

•«MiHH
i'V'll

78 MONTGOMERY COUNTY GROUND-WATER

The first wells completed in Montgomery County were dug by hand.

In Montgomery County, well development usually consists of pumping
the borehole for a period of time to clean out the drill cuttings. In

DEVELOPMENT OF WELLS hole and ,.
rock and e

DRILLING METHODS ! and the er
Detergents
plugging tl

As dug wells can be completed only 2 or 3 feet below the water table, j particles sc
„„„ the yield is usually small. Dug wells are being replaced by drilled wells, I l"e *ractur
,:'!' and two methods are used to drill most of the wells in Montgomery ; Hydrofr

County. I water and
In the cable-tool percussion method, wells are drilled by lifting and a er a"|

dropping a heavy string of drilling tools in the borehole. The drill bit
breaks or crushes the rock into small fragments, which are then re- wa er op
moved from the hole with a bailer. The rotary drilling method drills j
wells by crushing the rock with a rotating bit and removing the rock
chips by circulating water, drilling mud, or air.

WELL-DEVELOPMENT METHODS , _, ,: The Lar
the problei
is the cone
drought.

consolidated rocks, higher well yields might be obtained through develop- ; _,
ment techniques such as mechanical surging, use of explosives, treating ] . ,
the well with chemicals, or by hydrofracking.
Mechanical surging is simply operating a piston in a cylinder with the ,. ,

well bore casing acting as the cylinder and the surge block as the piston. excess iTa
Raising and lowering of the surge block in the well forces the water in
and out of openings in the rock. Any loose rock chips or sand grains are j FindinjMi
drawn into the well bore and can be cleaned out after the surging has : morg ̂ .ĝ
stopped. This method is most successful in sandstone and conglomerate. , .
The middle and lower member of the Stockton Formation and some of j . ?
the sandstone beds in the Brunswick Formation might yield more water ThYdeveT
to wells if they were developed by surging.
An explosion in a well will fracture the rock and permit freer passage > ,

of water into the borehole. Explosives are not always successful in streams P
developing higher well yields, but this method may be tried in the denser j '
and more brittle sedimentary rocks. In the more resistant rocks in i
Montgomery County, such as the Lockatong Formation and some of |
the Paleozoic rocks, explosives could be used to develop higher well !
yields- , A prim;
Developing wells by using chemicals can increase well yields in I j™, it fre

certain types of rock. In carbonate rocks acid is pumped down the bore- from fae j.
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WATER MANAGEMENT 79

hole and forced into the openings in the rock. The acid reacts with the
tack and enlarges the openings. The acid is then pumped out of the well
and the enlarged openings will allow more water to enter the borehole.

; Detergents can be used in wells where very fine grained material is
b hand plugging the fractures in the aquifier. The detergents loosen the small

Jg y ye' l particles so that they can be pumped out of the well, thereby opening up
....,.,' i the fractures.
Mont ornery i Hydrofracking is a well-development method where a mixture of the
°n s ] water and sand is introduced into the well under high pressure. The

water and sand is forced into fractures, then the pressure is released and• lifting and
The drill bit
ire then re-
lethod drills
ng the rock

of i"<mping
cut .. In
ugh develop-
ves, treating

is the piston.

id grains are
surging has
onglomerate.

more water

:11 yields in
iwn the bore-

the water m g greater avajiaD]e supply during times of heavy usage or drought.

the sand grains keep the fractures from closing, thereby allowing more
water to pass through the fractures.

MANAGEMENT OF WATER SUPPLIES

PROTECTION FROM OVERDRAFT

The Lansdale area, served entirely by local municipal wells, has had
the problem of declining water yields. Part of the cause of this situation
is the concentration of wells in a relatively small area and a prolonged
drought.

The two most obvious solutions are to connect the city lines with
those of another water supply and to space new wells farther apart.

l A third possibility is the construction of recharge wells, through
der with the | which water could be forced into the aquifer during periods when an

excess is available. Artificial recharge of the aquifer would help insure

Finding a source of the recharge water, however, might be a problem
more difficult than using more obvious solutions. Water would have
to be pumped from reservoir, or a small stream (none of which are

and some of nearby) could be impounded to serve as a source for recharge water.
The development of recharge areas should be investigated further.

i As a fourth alternative, more water supply can be developed from
freer passage | surface-water sources by construction of reservoirs on some of the
successful in streams. Potential reservoir sites and their watersheds should be set aside
in the denser now to gssure Aeir -vajjab;litv for such use in the future
int rocks in
md some of PROTECTION FROM POLLUTION
higher well

A primary consideration in protecting a ground-water supply is to
keep it free of harmful bacteria. Pollutants may be carried downward
from the land surface by infiltrating water. Because ground-water move-
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80 MONTGOMERY COUNTY GROUND-WATER

ment is relatively slow, such pollution is slow to accumulate, but it is
just as slow to clear up when the polluting source is removed. The

l( part of the aquifer updip from the wells and other nearby recharge areas
" 1 should be investigated for possible sources of pollution such as sanitary

landfills and septic tanks.
- - Government agencies are becoming increasingly active in the field of

pollution prevention; for example, the Pennsylvania Department of
Health has set standards for the length and the cementing of casing
in wells. But it is everyone's responsibility to protect water supplies from
pollution.

WHERE TO GET INFORMATION ABOUT WATER
The Pennsylvania Topographic and Geologic Survey has information

., , ...i. The Private Water Supply section, Division of Sanitation, Pennsyl-
,.;' vania Department of Environmental Resources, can supply information

They also can advise corrective measures when pollution is reported.

Pennsylvania Department of Environmental Resources has information
on stream discharges, flood data, reservoir requirements, and power plant
discharges.
The Public Utility Commission, Bureau of Rates and Research, has

information on some municipal water supplies, including source, average
daily use, total annual use, and estimated future needs.
The Water Resources Division of the U.S. Geological Survey has data

on wells, springs, and streams, and on the chemical quality of water.
When requesting information on water supplies, give an accurate

location of the site about which you wish information. This will help
the above-listed agencies to assist you with your problem.
The local well drillers and pump installers can provide prices and

suggest the type of equipment needed to develop a water supply. Local well
drillers will know the well depth necessary to obtain certain yields and

The Water Resources section of the Forest and Waters Division caused I
Evapotrans

direct es
transpire

Fanglomere
original!:
cemente

Fault: A fi
placeme
ment rm

Fracture:
Ground-wat
Head (hyd

the weig
static pt

how much E
well diamefc
supply infer
setting, and

If chemic
sary, any of
necessary ir
can be pur?
desired.

Aquifer: A
that yiek

on the geology of Montgomery County and has published reports that j Artesian wa
n describe in detail some of the aquifers that underlie Montgomery County I a^

and the chemical quality of the ground water. Well-drillers' logs and °ase "°*:
reports on new wells that have been drilled in the county are also grouna v
available. Cubic feetsection,

per seco
on proper well-construction requirements, biological reports on well .
water, and the chemical quality of ground water in Montgomery n'e t
County. The Pennsylvania Department of Health, through various j
regional offices, can test water samples for bacterial pollution. The | ... .
nearest regional Health Department testing laboratory is in Philadelphia. 'from the

Drawdown:
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GLOSSARY 81

te, but it is how much surface casing is required. They can also suggest the proper
noved. The well diameter for the necessary pumping equipment. Pump installers can
charge areas | supply information concerning the size of the pump, depth of the pump
as sanitary

information

rs and
ity are also

on, Pennsyl-
information
•its on well
Montgomery
ugh various

setting, and the pressure-tank capacity.
If chemical analysis of the well water indicates treatment is neces-

the field of ' sary> any °^ 'ne commercial water-treatment companies can provide the
Bailment of necessary information and equipment. Equipment for water treatment

of casing can •" Purchased or rented, and it will be serviced by the supplier if
applies from desired.

ATER Aquifer: A formation, group of formations, or a part of a formation
that yields water to wells in usable quantities.

reports that j Artesian water: Ground water that occurs under sufficient hydrostatic
• Tountv I head to rise above the level at which it was encountered in a well.

Base flow: Discharge entering stream channels as effluent from the
ground water reservoir, the fair-weather flow of streams.

Cubic feet per second: The discharge of a stream of rectangular cross
section, 1 foot wide and 1 foot deep, whose velocity is 1 foot
per second; equivalent to 448.8 gallons per minute.

Cone of depression: A conical depression, on a water table or
piezometric surface, produced by pumping a well.

irect runoff: The water that moves over the land
to streams immediately after rainfall or snowmelt.

""""', T. Discharge, ground-water: The process by which water is removedPhiladelphia.
is reported.
|ers Division
information
power plant

Research, has
urce, average

•vey has data
ity of water.
an accurate
his will help

e prices and
ly. 'al well
in >_-«ds and

zone of saturation; also the quantity of water removed.
Drawdown: The lowering of the water table or piezometric surface
caused by pumping (or artesian flow).

Evapotranspiration: Process of water withdrawal from a land area by
direct evaporation from water surfaces and moist soil and by plant
transpiration.

Fanglomerate: A rock composed of heterogeneous materials that were
originally deposited in an alluvial fan but which have since been
cemented into solid rock.

Fault: A fracture or fracture zone along which there has been dis-
placement of the two sides relative to ane another. The displace-
ment may be a few inches or many miles.

Fracture: Breaks in rocks due to intense folding or faulting.
Ground-water reservoir: An aquifer or a group of related aquifers.
Head (hydrostatic head): The height of a vertical column of water,

the weight of which, in a unit cross section, is equal to the hydro-
static pressure at a point.

GLOSSARY jliji
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82 MONTGOMERY COUNTY GROUND-WATER

Homocline: A structural condition in which the beds dip uniformly
in one direction.

Hydraulic gradient: The rate of change of hydrostatic head per unit
of distance of flow at a given point and in a given direction. .

Perched ground water: Ground water separated from an underlying Geol.
body of ground water by unsaturated deposits. Bascom,

Permeability: The capacity of a material to transmit a fluid. Honey
Piezometric surface: The surface to which the water from a given '

aquifer will rise under its full head. "̂'x
Porosity: The ratio of the aggregate volume of void space in a rock

or deposit to its total volume, expressed as a percent.
Recharge, ground-water: The process by which water is added to the
zone of saturation, also the quantity of water added.

Runoff: The water draining from an area.
Saturation, zone of: The zone in which interconnected voids are

filled with water under pressure equal to or greater than atmos-
pheric.

by the drawdown in the well, in feet.
Stream-gaging station: A gaging station where a record of discharge

of a stream is obtained. Within the Geological Survey this term
is used only for those gaging stations where a continuous record
of discharge is obtained.

Surface water: Water on the surface of the earth.

Albright

Bicsccke
Schuyl
198 p

Graham.
sylvan
lour. •

Greennu
Penns;

Hall, C
Specific capacity: The yield of a well, in gallons per minute, divided Geol-

Kauffma
16 p.

Leopold
Surve;

Longwil
wick i
Geol.

Transpiration: The quantify of water absorbed and transpired and Parker,
',. ,jj£ used directly in the building of plant tissue, in a specified time;
"!'™! also the process by which water vapor escapes from the living plant, ""*'

principally the leaves, and enters the atmosphere. Rjma D
Underflow: The movement of water in the ground-water reservoir; also of //it

the quantity of water moving in the ground-water reservoir through
any vertical plane. Smith, F

Water table: The upper surface of the zone of saturation, except ' '
where the surface is formed by an impermeable body. ' ' eU.S. DeiWater-table conditions: The condition under which water occurs in an „•„ tt
aquifer that is not overlain by an impermeable body and that has vs De
a water table. Part i
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1.0 INTRODUCTION

1.1 Authorization

NUS Corporation performed this work under Environmental Protection Agency
Contract No. 68-01-6699. This specific report was prepared in accordance with
Technical Directive Document No. F3-8512-31 for the North Penn Area site
located in north-central Montgomery County-, Pennsylvania.

1.2 Scope of Vork

NUS FIT III was tasked to perform a high priority site discovery using available
information, from the North Penn Water Authority (NPWA), EPA, and the
Pennsylvania Department of Environmental Resources (PA DER). Presented herein
are the findings of the available information search.

1*3 Summary

NPWA is a major water supplier in central Montgomery County. In 1979, NPWA
discovered that 8 of their production wells were contaminated with the volatile
organic chemicals (VOC) trichloroethylene (TCE) and tetrachloroethylene (PCE).
These contaminated wells were shut down to prevent additional contamination of
the distribution system. The discovery led to the initiation of on extensive
research program by NPWA to locate the potential sources and responsible parties
of the VOC contamination. In addition, PA DER and EPA have conducted studies
in the North Penn area.

It was determined by FIT III that there are 12 distinct areas of groundwater
contamination in the North Penn area. NPWA has wells in 9 of the 12
contaminated areas. To date, IS of 53 NPWA wells are contaminated byVOCs.
After reviewing EPA and PA DER files, .-neeting with officials from NPWA, and
conducting a reconnaissance of the study araa, a list of 51 potentially responsible
parties '.vas compiled. The ireas of jround.v.jtsr contl:n;^iltion, \P\V\
contaminated wells, and potentially responsible parties lor tl-.e VOC conta.ninatioit
ire presented herein. Section '* .Jiscusios each contamination plu-ns ina.in ,-f̂ tii!.
and section 5 presents a summary of : :n contaminated NPWA -.veil! jnd :'-e

potentially responsible parties identified.
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2.0 THE SITE

2.1 Location

The North Penn area is located primarily in central Montgomery County. The area
includes the Perkiomenville, Collegeville, Lansdale, and Telford quadrangles. An
3.5-mile radius is utilized to encompass the study area. The center point of the
radius is located about 1,000 feet south of the Pennsylvania Turnpike, Lansdaie
Interchange (see map, page 2-2). The radius includes the above-mentioned area
plus a portion of south central Bucks County, and the eastern portion of the
Doylestown and Ambler quadrangles. These areas are not served by NPWA but are
of concern since they lie within a 3-mile radius of several contamination plumes
(see map, page 2-3). The total area of concern is 227 square miles.1*)

The study area includes the metropolitan areas of Lansdale, Soudecton, Unionville,
Harleysville, Mainland, Kulpsville, Colmar, Fortuna, Skippack, Creamery, and
Center Point. These towns are of primary concern since NPWA supplies water to
these towns. Rural areas lie between these towns. Some are supplied by NPWA
and some rely on private wells (see appendix B).M"

Other metropolitan areas within the S.5-mile radius include Norristown, Trooper,
Collegeville, and Sellersville. These areas are within the area of concern but rely
on groundwater sources other than NPWA for water.MO

2-r
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3.0 ENVIRONMENTAL SETTING

3.1 Water Supply

This study involves NPWAj therefore, their service district is of major concern. A
distribution map of NPWA is included in appendix B. Areas between NPWA
distribution lines rely on private wells for water, except for Hatfield Borough,
which has a municipal supply utilizing groundwater. NPWA presently utilizes 53
wells, which produce an average yield of 3.6 million gallons per day (mgd). An
additional 1.6 mgd are purchased from Keystone Water Authority and North Wales
Water Authority to meet daily demands. In 1984, NPWA customers included 13,384
domestic, 557 commercial, 164 industrial, 78 public, and 1 utility, with an average
demand of 5.2 mgd. The majority of the NPWA distribution system is
interconnected; however, there are 6 satellite 'systems within the NPWA
distribution system (see appendix B).1

NPWA has 13 wells that are contaminated with VOCs. Nine of the 18 wells have
VOC concentrations above the proposed limits of 5 ug/1 for TCE and 10 ug/1 for
PCE, suggested by EPA. Five of the 9 wells that are over the proposed limit are
inactive. The remaining 4 wells are either treated or mixed with cleaner water to
bring the VOC concentration level below the proposed limit. NPWA loses
approximately 0.6 mgd of available water due to VOC contamination.'

Other public water suppliers in the 3.5-mile radius study area include Hatfield
'•Vater Department, North Wales Water Authority, Telford Borough Water
Authority, Schwenksville Borough Water Authority, Lower Frederick Township
Water Company, Collegeville-Trappe Joint Water Works, and Keystone Water
Company. These municipalities primarily use groundwater for public water supply,
with the exception of Keytone Water Company, which has surface water intakes
outside the study area.20

3-1
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3.2 Surface Water

The study area is situated in the Schuylkill River drainage basin. Major creeks
which flow through the study area into the Schuylkill River include Perkiomen
Creek, Skippack Creek, Neshaminy Creek, Wissahickon Creek, Towamencin Creek,
and Indian Creek. These creeks flow predominantly south to the Schuylkill River,
which in turn flows southeast to the Delaware River. Surface water is not used for
public water supply in the study area.'2

3.3 Geology and Soils

The North Penn area lies entirely within the Triassic Lowland Section of the
Piedmont Physiographic Province. Topography of the area is characterized by a
gently sloping upland ranging from an altitude of 500 to 200 feet above mean sea
level (MSL). The relief in the area probably reflects the resistance to weathering
of the underlying bedrock. This differential weathering formed northeast-
southwest trending ridges of resistant rock and intervening lowlands from the less
resistant rock. The majority of the study area occupies the ' jwlands. Streams in
the area are found in topographic low areas and collectively form a dendritic
drainage pattern. Stream flow is generally northeast-southwest, parallel to the
principal topographic features."'*"

Rocks of Triassic age underlie the study area (see map, page 3-4). These rocks,
known as the Newark Group, form the largest Triassic Basin in the eastern United
States, extending from Nova Scotia to North Carolina. The basin was formed in a
postorogenic depositional environment. Rocks of the Newark Group are generally
red conglomerate, arkose, sandstone, siltstone, argillite, and shale, locally, with
interbedded basaltic lava flow and intruded diabase dikes and sills. The Newark
Group has been divided, proceeding from oldest to youngest, into the Stockton,
Lockatong, and Brunswick Formations. The Brunswick and Lockatong Formations
are of primary concern in the study area, since all contaminated areas are
underlain by these 2 formations.H»I8
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The 3runswick Formation consists generally of soft reddish-brown shale,
interbedded with reddish-brown sandstone, and siltstone. The shale beds are locally
sandy and iilty and interbedded with gray, brown, and greenish shale. Shales of the
Brunswick Formation consist primarily of feldspar, illite, chlorite, quartz, and
calcite and are locally micaceous. The fractures within the Brunswick are
commonly filled with calcite and quartz, with occasional occurrence of barite and
pyrite. Beds are generally thin with irregular and discontinuous bedding
pianes.1 VMS

t

The Brunswick Formation is relatively uniform, although some facie changes have
been documented. In the Lansdale area, thin limestone conglomerate, limestone
pebbles in a shaly matrix, subcrop. In addition, some beds of calcareous sandstone
have been reported to occur within the Brunswick. The limestone conglomerate
and calcareous sandstone units are unimportant to this study since they.are very
localized and discontinuous.

The Brunswick Formation is reported to reach a thickness of 9,000 to 16,000 feet in
the area. The rocks generally strike N 45° E to N 55° E and dip 5 to 15 degrees
northwest in the study area. Near the base of the Brunswick Formation, the rock s
a tough, thick-bedded red argUIite and is interbedded with dark-gray argillite of
the Lockatong Formation. The Brunswick also grades laterally into the Lockatong
Formation.l't̂ .lS

The Lockatong Formation subcrops over a small portion of the study area,
principally south and southeast of Lansdale, in the Souderton area, and in 2 thin
bands in Sal ford Township. The Lockatong Formation consists principally of
medium to dark gray argillite, interbedded with thin beds of gray to black shale,
siltstone, and marlstone. The Lockatong consists of up to 40 percent anacline,
along with dolomite, feldspar, and clay. Fractures are commonly filled with
quartz, calcite, or pyrite. Bedding is generally massive, with an average dip of 10
degrees toward the northwest. The Lockatong is up to 4,000 feet thick.l'>17,18
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The Stockton Formation subcrops in the southernmost section of the study area.
The Stockton Formation, which underlies the Lockatong Formation, consists of 3
distinct members: the lower member consists of coarse, arkosic sandstone and
arkosic conglomerate; the middle member consists of medium-grained arkosic
sandstone; and the upper member consists of red shale, siltstone, and very fine-
grained arkosic sandstone. The thickness of the Stockton Formation ranges from
1,000 to 6,000 feet.IV6

A diabase sill intrudes the Brunswick Formation in the northwestern portion of the
study area. The diabase is medium to coarse grained, greenish gray, and consists of
90 to 95 percent labrodorite and augite. The sill is estimated to be in excess of
1,000 feet thick. Near the diabase sill, local metamorphism of the Brunswick
Formation has occurred. The shales of the Brunswick Formation are altered to
dark, tough hornfels in the metamorphic zone. The width of the altered zone in the
study area averages about 1 mile.l^il*

A major structural feature in the study area is the Chalfont fault. This fault is
about 4.5 miles north of Lansdale and generally trends east-west. The Chalfont
fault and its associated faults appear to have significant vertical and lateral
displacement, as seen by the truncation of the Lockatong Formation along the fault
(see geologic map, page 3-4).l'il8

Soils

General soil associations in the study area include the following:

Reaville-Penn-Klinesville Association is a shallow to moderately deep, well drained
to somewhat poorly drained soil, which is generally underlain by shale and found on
rolling uplands,12«13

Abbottstown-Readington-Croton Association is a deep, moderately well drained to
poorly drained soil, generally underlain by shale and sandstone, and found on
undulating uplands. 12,13
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Lawrenceville-Chalfont-Doylestown Association is a deep, moderately w«|| drained

to poorly drained soil that is generally formed in wind-blown silt deposits and found
on undulating uplands."2,1*

Lehigh-Brecknock-Croton Association is a moderately deep to deep, poorly drained
to well drained soil, which is generally underlain by metamorphosed shale and found
on uplands. 12,13

These 4 associations are generally level to sloping and are found on undulating
uplands. The location of the 4 associations does not correlate with the location of
the contaminated areas or possible responsible parties.

3.4 Croundwaters

Groundwater in the North Penn area is obtained primarily from the Brunswick
Formation. The Brunswick Formation is composed ol very fine-grained rock;
therefore, primary porosity is very Iow.l*»17

Groundwater flow is largely through secondary openings that were developed after
the deposition of the strata. These secondary openings are usually bedding planes,
fractures, and joints. Bedding plane fractures are usually narrow and contribute
little to the total permeability of the formation. Of greater importance are joints
and fractures which criss-cross throughout the beds. These openings comprise a
network through which water may flow. .The'number and size of these openings
vary laterally from bed to bed. Lithologic differences within the lens-shaped
deposits of the Brunswick Formation also contribute to lateral changes in flow.
Therefore, the interconnected network of openings provided by joint, fractures, and
bedding planes may be locally altered by structural anomalies and/or lithologic
differences.!*.̂

Therefore, aquifer parameters of the Brunswick Formation may vary greatly from
place to place. Depth to water-bearing zones and direction of groundwater flow
•are 2 factors which vary from place to place throughout the Brunswick Formation.
The variable nature of Brunswick aquifers is shown in well depths (6J to 663 feet)
and yields (4 to 55 gallons per minute (gpm)).'*• 1̂ .17
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The lithology and structure of the Lockatong Formation are similar to the
Brunswick Formation. Groundwater flow is largely through secondary openings,
bedding-planes, fractures, and joints. Since fractures are smaller and more widely
spaced in the Lockatong Formation than in the Brunswick Formation, wells drilled
into the Lockatong generally have lower yields than those drilled in the
Brunswick.l'i'6

There is substantial formation contact and-inter fingering between the Lockatong
and Brunswick in the North Penn area. These contact areas generally have a
greater number of fractures. Fractures enhance secondary porosity; thus, there is
more groundwater flow. Wells drilled in these areas generally have greater yields
than those drilled solely in the Brunswick Formation.l*»15,17

NPWA wells in the study area penetrate the Brunswick and/or Lockatong
Formations. Well depths range from 216 to 663 feet.' All wells are constructed as
"open holes," which means that the well is cased only from the surface to 20 to 50
feet into bedrock. The rest of the well (bottom of casing to total depth) is not
cased; therefore it is "open." This method of well construction allows the well to
draw groundwater from all saturated openings encountered by the borehole in the
uncased (open) zone. A summary of NPWA wells and some well logs can be found
in appendix D.M*

Two additional formations are encountered in the study area, diabase and the
Stockton Formation. The water-bearing characteristics of these rocks will be
discussed briefly, since they are of lesser concern for the purposes of this study.H

Groundwater flow in the diabase is also through secondary porosity. The best
water-bearing area in the diabase is in the highly weathered upper zone, generally
less than 100 feet below the surface. Well yields from the diabase range from O.I
to 50 gpm; the average yield is 3 gpm.l*

Groundwater floVin the Stockton Formation occurs in pore spaces between the
grains and secondary openings in the rock. The tithology and sorting of the
Stockton contribute to the primary porosity. This primary, intergranular porosity
enables the Stockton Formation to be the most productive aquiferous formation in
the study area.15'!6
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In general, groundwater flow is difficult to predict throughout the study area due
to variable secondary porosity. The difficulty of predicting groundwater flow is
enhanced by industrial and municipal wells which pump large quantities of water.
A cone of depression generally forms around these wells, interfering with the
normal movement of groundwater. However, with proper data collection and
testing, groundwater flow on a local level may be predicted.

3 J Climate and Meteorology

This area of Pennsylvania is generally considered to have warm humid summers,
moderately cold winters, and ample rainfall. Temperatures generally range
between 0°F to 100°F, with an average yearly temperature of 54°F. Summers are
warm, with an average of 25 days per year when temperatures rise above 90°F. In
general, winters are comparatively mild, with an average 101 days with minimum
temperatures below the freezing point.* 2,13

Precipitation is well distributed throughout the season. The greatest monthly
variation in precipitation (2 inches) occurs between the wettest month, August, and
the driest month, October. Annual precipitation ranges from 43 to 47 inches in the
study area. This yields a net average annual precipitation of 17 inches per

3.6 Land Use

Land use throughout the 227-square-miie study area varies. Most of the land is
still farmed, although an increasing number of new housing developments is
depleting the farm land. Some recreational and undisturbed woodlands are also
located in the study area. In addition, there are metropolitan and industrial
pockets located throughout the area, such as the boroughs of Lansdale and
Souderton.
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3.7 Population Analysis

The greatest population densities in the study area are found within town and
borough limits-. These areas include, but are not limited to, Lansdale, Souderton,
Telford, Hatfield, Harleysville, Collegeville, North Wales, and Norristown. The
NPWA serves approximately 52,000 people.!

3.8 Critical Environments

There are no critical environments within the study area. Two federally
endangered birds may be found as transient visitors in the area. They are the bald
eagle (Haliaeetus leucocephalus). and peregrine falcon (Falco peregrinus). There
are no critical habitats for these birds in the study area.1'

In addition, the small whorled pogonia (Isotria medeoloides), an endangered plant,
may exist in the study area.*'
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4.0 AREAS OF CONTAMINATION

4.1 Introduction

Through the available information search, 12 areas of VOC contamination have
been identified. The contaminated areas were identified by employees of NPWA.
EPA and PA DER performed work at some of the contaminated areas following the
initial discovery by NPWA. Therefore, NPWA resources, along with EPA and PA
DER files, were utilized to identify contamination plumes and potentially
responsible parties.

NPWA has 18 contaminated wells throughout 9 of the 12 contaminated areas. The
remaining 3 areas were discovered and mapped solely by testing private wells. All
12 areas are discussed in the following sections. The discussion includes location
and mapping of contaminated areas, wells located in each area, and potentially
responsible parties of VOC contamination.

4-1
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4.2 Area I

Area 1 lies within the Souderton Borough limits in the Telford quadrangle (see map,
page 4-3). The area is served by NPWA and there are no known home wells in the
area. PCE contamination was discovered in this area in August 1979. Service of
NPWA well S-9 was discontinued at that time. Present PCE concentrations in well
S-9 are up to 24.7 ug/1, exceeding the proposed PCE limit of 10 ug/1. During a
recent pump test, PCE concentrations felt, from 24.7 ug/1 to 10.6 ug/1 after 24
hours of pumping (see page 4-4). In addition, NPWA well S-10 is contaminated with
PCE with concentrations ranging from 1.2 ug/1 to 2.6 ug/1 (see page 4-5)1.

Both wells S-9 and S-10 are 300 feet deep. Well S-9 has a permitted capacity of
144,000 gallons per day (gpd), while S-10 is permitted for 115,200 gpd. NPWA wells
S-2 and S-8, located north and south, respectively, of the contamination plume, are
not contaminated to date (see page 4-2). 1

According to NPWA officials, potentially responsible parties for the PCE
contamination include Gentle Cleaners, Incorporated, Granite Knitting Mills,
Incorporated, and -he Parkside Apartments. Gentle Cleaners, a dry cleaning
service, is a known user of PCE. Gentle Cleaners is located at the topographic
high north of the plume, thus establishing a natural pathway for contaminant
movement to the low-lying areas of S-9 and S-10. Granite Knitting Mills,
Incorporated is also a known user of PCE. The well on their property is reported by
NPWA to be contaminated with 61 ppb of PCE. -In addition, a dry cleaning service,
now Parkside Apartments owned by Paul Derstein, is believed to be a potentially
responsible party. The dry cleaners may have had an underground storage tank for
PCE. Field identification of this tank was not verified by NUS FIT III. The
Parkside Apartments are located about 100 feet south of S-9; thus, they are a
likely additional source of the contamination problem.1

Considering the topography of the area, it can be hypothesized that there is a
natural pathway for contaminant movement frrn Gentle Cleaners and Crani:e
:<nitting Mills to S-9 and S-10. Considering the concentrations of PCE in :hs
Granite Mills well, there is a decreased concentration gradient moving downslo..e
from the Granite Mill well. This supports the theory of contaminant movement
from upslope (Gentle Cleaners and Granite Knitting Mills) to low-lying ars-is (S-9

and S-10).
4-2
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IS.
13.
10.
10.
13.

C-
7
6
7
6
6
6

1,2-DCE
0,
0.
0.
0.
<0.
<0.

7
6
S
3
3
3

TCE i
0. 7
u.s
0.5

<0.5
•:o.s
<0.3

,1,1-TCA
-.0.5
•:o.s
<0. 5
0.5
0.6
0.6

S-9 PUMPING TEST -- PCE LED/ELS
CONDUCTED 1-27-88 TO 1-29-85

o
I
o a - PORCHLOROETHY1.ENEa.

10 20 30 40
HOURS FROM START OF TEST

4-4
From Reference I
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S-10 ft
L^,T£ i,ii « sAflPls I TCE r'CE 1 , 1 , 1 - T C A
-7-.in-i3 .7 63 0.7 1.5 <O.S
:i-Jin--5 21 148 -.0.5 2.1 <0.5
li-reo-55 42 354 xO.5 1.9 <0.5
;;-?eo-=5 Si 443 CO.5 2.3 <.0.5
ll-fUr-35 70 332 <0.3 2.4 <O.S
:i-rt»r-35 S4 s32 <O.S 1.7 -.0.5
::-Apr-as 112 334 -.0.5 i.s <o.s
Oo-rUy-35 I2i ^71 \0.5' 1.8 <0.3
20-Hly-a5 !40 1063 <0.5 2.1 <0.3
«:-Jun-33 154 1160 <0.3 2.2 " <0.3
17-Jun-85 165 1247 <0.3 1.9 . <0.3
:4-Jun-83 173 1.36 <0.3 2.6 <0.3
Oa-Jul-83 189 1331 <0.3 1.2' <O.S
::-Jul-85- :03 1466 <0.5 1.8 <0.3
t>3-«u<j-a5 217 1534 <O.S 2.3 O.a
l9-Aug-S3 211 1645 <0.3 1.3 O.a
03-Sep-35 246 1759 <0.3 2.0 <0.3
16-S*p-83 239 1833 <0.3 2.2 0.3
07-Oct-flS 2fiO 1934 vO.S 1.3 <O.S
:i-Oct-85 294 2123 <0.5 1.6 <0.5
04-Nov-dS 308 2202 <0.3 1.3 <O.S
09-0te-o3 343 2339 vO.3 1.7 <O.S
30-Dte-a5 364 2670 <O.S 2.4 <0.3

S-10 PCE RESULTS - 1985

2.8-
2.$ -
2.4 -
2.2-
2-

1-8-

1'6-
i.*-
1-2-

o.a -
0.6 -

0,4 -

0.2 -
0
0 TOO 200 3OO

CAY f- 1 035

' From Reference I 4-5
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R-585-9-6-7
A HAZARD RANKING SYSTEM FOR
GENTLE CLEANERS, INCORPORATED

PREPARED UNDER

TDD NO. F3-8607-07 ̂ ^ fi(-2c«J-3
EPA NO. PA-2003 ̂

CONTRACT NO. 68-01-6699

FOR THE

HAZARDOUS SITE CONTROL DIVISION
U.S. ENVIRONMENTAL PROTECTION AGENCY

SEPTEMBER 26, 1986

NUS CORPORATION
SUPERFUND DIVISION

SUBMITTED BY REVIEWED BY APPROVED BY

lULJ fa. &**«*
T1MOTHYS.LAR BRUCE R/PLLTTA GARTH GLENN
GEOLOdlST , SENIOR STAFF SCIENTIST MANAGER, FIT III
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Facility Name: Gentle Cleaners, Incorporated

Location: Souderton, Montgomery County, Pennsylvania

EPA Region: III

Person(s) in Charge of the Facility: Mr. Harry M. Maurer

Name of Reviewer. Timothy Silar Date: September 26, 1986
NUS Corporation

General Description of the Facility:

The Gentle Cleaners, Incorporated site is located in Souderton, Pennsylvania.
The facility is a dry cleaning service which occupies one building on
approximately 0.1 acre.

Contamination of groundwater with perchloroethylene (PCE) was discovered
by North Penn Water Authority (NPWA) in 1979. Presently, NPWA well nos. 5-
9 and S-10 are contaminated with PCE. Gentle Cleaners used PCE from 1953
until 1983. Presently, they use PCE along with 1,1,1-trichloroethane (1,1,1-
TCEA). Recently, 1,1,1-TCEA was discovered in a private well 200 feet south
of the site. It appears that inadequate containment and/or sloppy
housekeeping of hazardous wastes at the cleaners has contaminated the
groundwater in the area.

The site is located 800 feet northwest of Skippack Creek, which is used for
recreational purposes. Geologically, the site is located in the Brunswick
Formation, which is considered to be hydrogeologically interconnected to the
Lockatong Formation within the study area. Therefore, for Hazard Ranking
System purposes, these two formations comprise the aquifer of concern.
Groundwater serves over 7*,700 people within a 3-mile radius of the site and is
the only source of potable water; thus, it is the route of major concern.

Scores: SM . 35.57 (Sgw = 61.5* SJW = 0 $a = 0)

SFE = ° •

FIGURE 1

MRS COVER SHEET '002
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DOCUMENTATION RECORDS
FOR

HAZARD RANKING SYSTEM

INSTRUCTIONS; The purpose of these records is to provide a convenient way to
prepare an auditable record of the data and documentation used to apply the
Hazard Ranking System to a given facility. As briefly as possible, summarize the
information you used to assign the score for each factor (e.g. "Taste quantity
equals 4,230 drums plus 800 cubic yards of sludges"). The source of information
should be provided for each entry and should be a bibliographic-type reference that
will make the document and for a given point easier to find. Include the location
of the document and consider appending a copy of the relevant page(s) for ease in
review.

FACILITY NAME: Gentle Cleaners, Incorporated

LOCATION: Souderton, Montgomery County, Pennsylvania

COORDINATES:

Latitude 40° 18' 39"

Longitude 75° 19' 31"

003
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The Brunswick and Lockatong Formations are conformable (ref. no. 8 (pgs. 7
and 8)). Considerable interbedding of the two takes place along contacts (ref.
nos. 8 (pg. 7) and 23 (pg. 30)). An interpretive geologic cross section has been
included in reference no, 26 to indicate the nature of bedding near transitional
boundaries between the Brunswick and Lockatong Formations. The above
occupy a series of disconnected and downfaulted basins (ref. nos. 20 (pg. 6) and
13 (pg. 2*)) in which they dip to the north-northwest, the Brunswick and
Lockatong dipping an average of 20 degrees (ref. no. 7 (pgs. 15 and 25)). The
trace of a large normal fault, which trends east-west, transects the three-mile
radius; the fault trace may be located on site (ref. no. 14).

Both formations are generally composed of fine-grained rocks, where primary
porosity is small and associated permeability is low. As such, most
groundwater in the region is found within, and transmitted through, secondary
porosity features such as fractures, joints, faults, and bedding plane partings
(ref. nos. 7 (pgs. 10 and 13), 8 (pgs. 11 to 15), and 13 (pgs. 31, 32, and 34)).
Wells of the region have been completed as open rock holes (ref. no. 14 (pg.
34)).

Within the Brunswick Formation, the most important of these openings are the
nearly vertical joint planes, which criss-cross each other at various angles;
these openings provide for an interconnection of channels for groundwater
flow. However, both the number and width of these openings vary from bed to
bed. As a result of the depositional environment, the rocks form a series of
overlapping lens-shaped beds (ref. no. 8 (pgs. 11 and 12)).

Secondary permeability features displayed within the Lockatong are similar to
that of the Brunswick; yet, here the openings tend to be more narrow and more
widely spaced (ref. nos. 7 (pg. 25) and 8 (pg. 15)).

Interconnection of the above formations is carried out in large part via
secondary features (joints and fractures), which allow for the majority of
groundwater transmission and storage. These formations have also been
documented as contemporaneous; interbedding of the Lockatong and Brunswick
is well documented. From work completed in similar geologic settings,
experts have indicated that, most likely, the Brunswick and Lockatong behave
as a single hydrologic unit (ref. nos. 21 and 22).

Depth(s) from the ground surface to the highest seasonal level of the saturated zone
(water table(s)) of the aquifer of concern:

N/A

Depth from the ground surface to the lowest point of waste disposal/storage: ,

N/A

Net Precipitation

Mean annual or seasonal precipitation (list months for seasonal):

N/A
(004
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* WASTE CHARACTERISTICS

Toxicitv and Persistence

Compound(s) evaluated:

Toxicity Persistence Matrix Value

1,1-DLchloroethylene 3 2 15
TCE 2 2 12
PCE 2 2 12
1,1,1-TCEA 2 2 12
i,l-Dichloroethane 2 2 12

Reference nos. 1, 2, and 15

Compound with highest score:

1,1-Dichloroe thylene

A value of 15 was assigned.

Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with a containment
score of 0 (Give a reasonable estimate even if quantity is above maximum):

Inadequate containment or sloppy housekeeping of hazardous material at the
site contaminated groundwater in the area. However, the exact quantity of
hazardous substance disposed or spilled at the site is unknown; due to the fact
that groundwater contaminants have been attributed to the site, a value of I
was assigned.

A value of 1 was assigned.

Reference nos. 1, 2, and 4

Basis of estimating and/or computing waste quantity:

N/A

to:;.

200230



Computation of land area irrigated by supply well(s) drawing from aquifer(s) of concern
within a 3-mile radius, and conversion to population (1.5 people per acre):

There is no known use of groundwater for land irrigation.

Reference nos. 20 and 21

Total population served by groundwater within a 3-mile radius:

The total population is 74,703.

A submatrix value of 5 was assigned.

A matrix value of 40 was assigned.

Reference no. 1

100C
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SURFACE WATER ROUTE

1 OBSERVED RELEASE

Contaminants detected in surface water at the facility or downhill from it (5 maximum):

No surface water sampling was conducted and there is no documented surface
soil contamination that can migrate from the site; therefore, the surface
water route has not been evaluated.

Rationale for attributing the contaminants to the facility:

N/A

2 ROUTE CHARACTERISTICS

Facility Slope and Intervening Terrain

Average slope of facility in percent:

N/A

Name/description of nearest downslope surface water:

N/A

Average slope of terrain between facility and above-cited surface water body in percent:

N/A

Is the facility located either totally or partially in surface water?

N/A

Is the facility completely surrounded by areas of higher elevation?

N/A

1007
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AIR ROUTE

1 OBSERVED RELEASE

Contaminants detected:

No air monitoring was conducted on site; therefore, the route has not been
evaluated.

Date and location of detection of contaminants:

N/A

Methods used to detect the contaminants:

N/A

Rationale for attributing the contaminants to the site:

N/A

2 WASTE CHARACTERISTICS

Reactivity and Incompatibility

Most reactive compound:

N/A

Most incompatible pair of compounds:

N/A

Toxicity

Most toxic compound:

N/A

12 1008
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FIRE AND EXPLOSION

1 DOCUMENTED THREAT

If either a state or local fire marshal has certified that the facility presents a significant
fire or explosion threat to the public or to sensitive environments, document the certification:

Name/affiliation of fire marshal:

Paul Stoudt is the fire marshal for Souderton Borough. The facility is not
certified as a fire or explosion threat to the public.

Reference no. 22

Date of Certification:

N/A

Comments:

N/A

H there is a demonstrated fire and explosion threat based on field observations, document
the threat:

Inspectors reporting the threat:

N/A

Date of observations:

N/A

Methods used to document the threat:

N/A

Comments:

N/A

15
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DIRECT CONTACT

1 OBSERVED INCIDENT

Pertinent details of incident:

N/A

Location:

N/A

Date:

N/A

» » *

2 ACCESSIBILITY

Accessibility to Hazardous Substance

Measurers) taken to limit access by humans or animals to the hazardous substances:

No inspection was performed at the site. Accessibility is unknown; therefore,
the direct contact section is not evaluated.

Reference no. 23

3 CONTAINMENT

Containment

Indicate whether the hazardous substance itself is accessible to direct contact:

N/A

loio
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REFERENCES

Reference No. __________Description of Reference__________

1. Uncontrolled Hazardous Waste Site Ranking -stem; A User's
Manual.

National Oil and Hazardous Substances Contingency
Appendix A (40 CFR 300) (47 FR 31219),

2. North Penn Water Authority. Laboratory data (sample nos.
1825-86 to 1855-86) and Quality Assurance Program.
(Sample location maps furnished by NUS Corporation.)

3. Coyle, 3udith A., North Penn Water Authority. Quality
Assurance Program for Analysis of Trihalomethanes
and other Volatile Organic Chemicals. August 20,
1985.

4. Uaczun, Grabowski, and Leonard, attorneys for General
Cleaners, Incorporated. Response to 104 E letter from
EPA. 3uly 7, 1986.

5. Risner, Robert, Chemist for ADCO, Incorporated, with
Timothy Silar, NUS FIT HI. Telecon. September 9,
1986.

6. Souder, Rosenberger, Lapp, and Bricker, attorneys for
Granite Knitting Mills, Incorporated. Response to 104
E letter from EPA. 3uly 17, 1986.

7. Newport, Thomas G., United States Geological Survey.
Groundwater Resources of Montgomery County,
Pennsylvania. Bulletin W-29. First printing, 1971;
second printing, 1973.

8. Longwill, Stanley, M., and Charles R. Wood, United States
Geological Survey. Groundwater Resources of the
Brunswick Formation in Montgomery and Berks
Counties, Pennsylvania. Bulletin W22, 1965.

9. Rima, Donald R., United States Geological Survey.
Groundwater Resources of the Lansdale Area,
Pennsylvania. Progress Report 146, 1955.

10. Rima, Donald R., Harold Meisler, and Stanley Longwill,
United States Geological Survey. Geology and
Hydrology of the Stockton Formation in Southeastern
Pennsylvania. Bulletin W 14, 1962.
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Reference No. __________Description of Reference__________

11. Wood, Charles, Geologist, United States Geological Survey,
Malvern, Pennsylvania District Office, with Richard
Wroblewski, EPA. Telecon. June 12, 1986. (Also
included are a map and a telecon between Tony Lee,
of MITRE Corporation, and Scott Renneisen, of NUS
FIT III.)

12. Wood, Charles, Geologist, United States Geological Survey,
Malvern, Pennsylvania District Office, with Richard
Wroblewski, EPA. Telecon. June 13, 1986.

13. Greenman, David W., Pennsylvania Department of Internal
Affairs, Topographic and Geologic Survey.
Groundwater Resources of Bucks County,
Pennsylvania. Bulletin W 11, 1955.

14. Longwill, Stanley, M., and Charles R. Wood. Geologic Map of
the Brunswick and Lockatong Formations in Berks and
Montgomery Counties, Pennsylvania; Kammerer, J.C.
Groundwater Resources of Bucks County,
Pennsylvania. (Three-mile radius added by NUS
Corporation.)

15. Sax, N. Irving. Dangerous Properties of Industrial Materials.
Fifth Edition, 1979.

16. Richenbach, Dale, Engineer for North Penn Water Authority,
with Timothy Silar, NUS FIT III. Meeting. July 29,
1986.

17. Hickson, Robert, Superintendent of Hatfield Borough Water
Authority, with Timothy Silar, NUS FIT III. Meeting.
July 29, 1986.

18. Beck, Donald, Superintendent of Telford Borough Water
Authority, with Timothy Silar, NUS FIT III. Meeting.
July 30, 1986.

19. United States Geological Survey. Telford, Pennsylvania
Quadrangle, 7.5. Minute Series. Topographic Map.
1960, photorevised 1973. Perkiomenville,
Pennsylvania Quadrangle, 7.5 Minute Series.
Topographic Map. I960, photorevised 1973.

20. Tindall, David, Bucks County Soil Conservation Service, with
Timothy Silar, NUS FIT HI. Telecon. August 4, 1986.

21. Reber, Paul, Penn State Agricultural Extension Service, with
William Hose, NUS FIT HI. Telecon. August 8, 1986.
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Reference No. __________Description of Reference___________

22. Stoudt, Paul, Souderton Borough Fire Department, with
Timothy Silar, NUS FIT HI. Telecon. August 5, 1986.

23. Timothy Silar, NUS FIT III, to file. Windshield site
investigation. August 6, 1986.

24. North Penn Water Authority. Souderton Borough
Distribution Map. September 27, 1973; revised
December 22, 1983.

25. NUS Corporation, FIT III. Site discovery report; section 4,
TDD No. F3-8512-31, July 1986.

26. Gannett, Fleming, Corddry and Carpenter, Incorporated.
Geologic section, Wissahickon Well Field, Lansdale
Municipal Authority, Lansdale, Pennsylvania. January
4, 1952.
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F3-8607-07
^ _«.. WTEJ2̂ ̂«̂ Ĵ ^
vCT-"̂  PARTI .*rrii,

<T|AL MAJABDOUR *A5TP 5,TE l.-WMWCATiON
iin INSPECTION REPORT £_"" °2 5- 'I •»(-«»€«043OCATIONAM01N8»eCTIONIh*OHMATION "•" —— " ——————— —

». tm_ MAM ANO LOCATION

Gentle Cleaners, Incorporated 162 North Main Street
0)ClH MSTAff OtOPCQOA 04COU»«r» O'̂ wws- ::.cooc :
Souderton PA 18964 . Montgomery 091 i:

i»nruo( 1 ifiNonuot
4_« 1R' J<JS._ |__5°.13'_3U' — •

X A MNATt = • «»P«t̂  _______ C C STAT1 ~ D COUNTY
C ' OTHCA ——————————————————————— r 3 UNKNOWI4

I. MWtCnOM INFORMATION

N/A . 1 j?*67*** 1 1953 i Present UNKNOWN

8-T"C-"t"-"U7L<-̂ -.«<-™' -..-Î T. - >***•* tpm*t*r»
rtST»TI r » STAnCONTIUCTO* ,- rnatwwi

N/A
o»oTx«»«-rcTo«»
N/A

NO site inspection was perform
by NUS Corporation, FIT III. T»

from available information.

i ) SRI xmunrtrnts •.TWWCVKI o

N/A

Q VMIVWMT N/A

N/A N/A

N/A N/A

id
g

N/A N/A

1 ' N/A

1 ' N/A

l I

i i

i i

i i
'• 'Iwt'-Ô t •<
i t

VI / i

1 1

1 1

( I

I 1

{ 1

N/A
IV. MFOHMATION AVAJUA1U FRO*
OtCGMTKT

Lorie Acker
».«ScM>iSvSia'ia*">rilMi-cto< >OM

Timothy SilflT ——————————————

EPA

NUS . FTTIIT. (9i5>Ba7-qsin

MoJl '"''
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POTENTIAL HAZARDOUS WASTE SITE
JS.PPA SITE INSPECTION REPORT
™ •«-• ̂ > P ART J • WASTE INFORMATION

V. WASTI STATES, OUAMTITKS. ANO CMAAACTfJUSTICS

- A SOUO
.1 "COOf. e «.uooi

I sm*»* ****** .'i11.1'• *m*t x'x̂ a *o-i Unknown..,i a OAS •
Jnknown

M-WASTtTTMl
CATMOH*
SLU
OL*

SOL
»so
occ
«c
ACO
•AS
MCS

MHTWCtMAMt

SLUOM
0«.T WASTI

SOLVENTS
*CSTCIOCS
OTHCM OMOAMC CHEMICALS

NOKWkMC CMCMCALS

AC OS

SAMS
H«Avr MCTALS

oi anon AMOUNT

Unknown

1 IDENTIFICATION

M*" "y64Y"*

X * TO-C . ( KX.UILI X ' "ex.* vc."x!
. I COMOllvt • MMCTIOU1 j (••x.OS'C
C UOOACr>v( . 0 'uu<M»*.' « »e«' .1

UlffTVMAaMi UCOMMNTS

104 E letter from Gentle Cleane .
N/A • to the United States Environmer

Protection Agency indicates that
the cleaners use solvents as Dart "
its operation.

IV HAZARDOUS SUMTANCCS l~ ••-»., -.. -«._.. «.C'S*.-~-<
C'c»tao»- OlSUdTMCIHAM

Tetrachloroethvlene
1 , 1 , 1-Trichloroethane

OICASNUMMI

127-18-4
71-55-6

0« STOKUI OOM3SA1. MT~00

Unknown
Unknown

OlCONCINTMTCh

Unknown
Unknown

jSyfA*-'""-1 '
N/-
N/A

V. FEEDSTOCKS i_..__.c-i~-..
CATtGO«» 0< •tCOSTOCB *UM(

'OS

'OS N/A_
'OS
'OS

0> CAS XUXMIi CAHOOI. o i <ieosToc« ~u*
'OS

'OS
'OS
'OS

j; :«s -..-̂

VI. SOUKCtS Of WtfOMHATION c.. —•< —— :.. . .- ̂.-.. -̂ -̂..,, ..-,

U.S. EPA
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_ — — . POTENTIAL 1APPA *rrl*-̂r*-i •» PARTJ-OMCWmONOf M
L MAZAMOOU* CONDmONI AMD MCSOm
01 C A QflOUNOWATO CONTAMMATCN
03 POPULATION POTENTIALLY AFFECTEO 74.700

NPWA sampling has revealed PCE con
sampling by NUS FIT in has also deter
facility.

01 CS SU-FACIWATW CONTAMINATION ..._,.,_oj»>OFULAT)ONPOTt«nAu.YAfncn_o Unknown
Skippack Creek is 800 feet southeast <

01 - C CCNTAfcMATICM OF Ad

None known or reported.

01 C 0 flM.EXft.OWt COKjmOHS

None known or reported.

01 C f 0*«CT CONTACT
03 POPULATION POTENTIALLY AFFECTED

None known or reported.

01 = ' CONTAUMATON 0* ML
03 AJWA POTIMTWU.Y A/FKTED

None known or reported.

OlCO ONNKMewATEKCONTAMNAnON _. _-n
oafonA-LI«""?nim̂ L'A»»»cr"» 77i,tyu .,
Municipal and private wells are contar
with 1,1,1-trichloroethane.

01 Q H. «QM<8I (XKNU-C/MJUKT
Ol WOHtm POTCNTULLV AFFCCTCD

None known or reported.

01 Q 1 FĈ AATBN OKMUHC/MMKV -jAnnn
M«3̂ «̂ ">«<5T¥VTUU.y»»»»<;TWB ..',.!.'_' UU

Within a 3-mile radius of the site, the
by the ingestion of groundwater.

HAZARDOUS WASTf SITf L DtXTf (CATION
ISPE CTION REPORT "' STltl " m •*»«•

<a~ outturn IGATI ia(»jpre^nt c fCTEMTiAi ; Auwfo
04 NAMUTrvCOCSCNFTION

lamination in their nearby wells, S-9 and S-10. Recent
mined high levels of 1,1,1-trichloroethane in wells near t

03 ~ QMnufOlQATf | f POTENTIAL - iMj-fOTD
04 NAAMTM OCSCMVTION

.f the site.

0* NMWATVf OUCXFDON

02 C OMEKVCB (DATE __________ 1 C POTENTIAL C AU*JK>
OANAAHATMC OCXMFTOt

04 NAMMATIVC OBSC-mON

(0 ~ 0«nî 0 lOAT̂  ._ . .„_ 1 - PQTSVT1A1. - ALJSI3
0« NAMUTIVE OCSOVTON

M C OM.MD io*1 1979-presant 3 POTBmAi. - t̂ tctz
04 MAMunvc ociCMmoN

ninated with PCE. Some private wells are also contamir

"3 <-. !•••«• -n/BAT» , -mnHnAL - Atjosa
04 MAMUTM ofacnmoN

Ot C OMC-vtDIOATE __________ | CWINTUL =A^£OEO
04 NAMIATM OOC-mON

re are 74,700 people which could potentially be affecte*

200291



POTENTIAL HAZARDOUS WASTE SITE

PART J-OUCRtPTW OP HAZAROOU«CO»«mONS AND INCIDENTS

LJOEKTIFICATION

I ANOMCMNTS
01 C J OAMAOI TO IOMA QIC i-MSjm IUIOATE _______i OFOTEMTIAI.
04 NAWUTIW OESC-mON

None known or reported.

.*....-. «c OMEUVTO IOAH——————i = POTENTIAL

None known or reported.

OS : osaeflvto IOATE______i c POTENTIAL ; ALLEGED

None known or reported.

01 : M UMtTA«LgeONTA»HNT OF WASTES 03 C OMCKVCO lOATE __________ I C POTENTIAL

03POFUUkTaNPOTENTMLLYAFFECTCO_ZjLIM̂ __ O4 NAMIATIVC OCSCHF11ON

Contamination of groundwater indicates unstable containment of waste.
01 ; N OAMAOSTOOFFSirEPMOPEMTV Oi 2 OMEftVCD(DATE 1 Q7Q-pi.?<F«nt - POTENTIAL ~ ALLEOEO
04 MMUIIVC OtaBWTWN

Off-site wells are contaminated.

01 ; 0 CONTAMWATIONOFSiWEW STOMtOMAMS WWTPt OJ T OtSEBViO (DATE _________I I POTENTIAL I AuMED
04 NAMUTVE OC9C»mON

None known or reported.

01 r P «iIOAL UNAUTMO*«D DUMPING 0] Z OUStKVtO lOATE __________ I C POTENTIAL
04 MAMUTNE OCSCnFTION

Contamination of groundwater indicates illegal dumping.

05 OEXNFDON OF WIT OTMf m KNOWN. POTENTIAL. OH AUCOEO HA2AMOS

None known or reported.

m. TOTAl MPULAT10N POTtKTUUT AFTICTB): 7J.7HO
IV. COMMENTS

The total population potentially affected reflects all groundwater users within a 3-mile radiu:.
of the site, including free-flowing municipal systems.

V. SOURCES OF OTONMAnON C-.

North Penn Water Authority
U.S. EPA

J015
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POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION

Ci WC
OC. A*
CO MM
CE. MOUM-MMSttTW N/A Unknown permit history
CF

QJ.

as. PUS
aC.O«AAS. AlOViapauND ITnl-nnw-
a o. TJWC ACOVCOMOUNO
C E TAMK. itLOWOBOUHO

C 0. bANOFAIM
OH antat

Ci OTW

040TMH

S A. KJUMU OH STIt

1

0.1

N/A

IV. CONTAMMtNT
QieoKTiMMKTarwAmi.o"---

C A AOCOUATE. MCUHE O •. MOOMATI Q C MAMOUATt. POOH

Containment at Gentle Cleaners is not exactly known; however,
near tne s'te indicated that containment was insecure.

$0. MMCUMC. UN90UNO OAnOEHOUS

the contamination of ground*.

v.ACcnaHUTT
01 IMStl UJLT ACCUOU OC TO C NO
tf mtmmtn

The site is not totally fenced.
VlSO>»ICE10F*FO«mTIO>|iei.n • in i i n .t ---« mi in ——•

North Penn Water Authority
U.S. EPA
NUS FIT III
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WTINTUL HAZARDOUS WASTE SITE
«ITE INSPECTION REPORT

PART I-WATER. OKMOORAPMC, AND CNVmONMENTAL DATA
OJ VTt HUUW«
2043

WATtH SUPPLY

SUMFACf <MU
OOMMUMTV A. Q S.B

C.O OB

•t STATUS

A.O ax c.c
0 . 0 I * F.O

A 1.800 ft. ,-.
• less t^qn ,L.i

.a»«jo nr rmau in »OL«Tim.n««AToi CO-OTUHB IMCUI*

^m. 74.700 within 3 miles
04 SiPTN TOIMUOM

apprr^y. 10 TTnlrnnwn Z YES =NC

Wells are cased to bedrock then constructed as open-holes (uncased) to total depth.

DYES Icouuetrs
SNO 1 Unknown ens ICOMMIHTJ

CNO Unknown
IV.SUWACEWATW

r A mxnvom Hic-CATiON c • PMOATION. ECOMOMCAU.Y c c COMMCHOAC. MOUSTMAL c o NorcumcvaY USE:
OMNKMQWATEMSOUACE MM3MTAMTIVSOUMCES

oa Af«KTt0>>amnAu.T AFncnu toou OF WATIII
NAME AFFECTED DISTANCE TO SITE

Skippack Creek______________________________ - 800 feet
______________________________________ c ________
_________________________________________ a ________

v.oaioa*AM*c ANO i

TWO in »«sOF armA a.nnn s is.nnn

n MTMCi TO WMUT POPULATION

50 feet ....

IMTWI TWO UI MLU OF VTf

1.200
0* OST*C» TO MAMIT OFF-*n KJUM1

0 feet

The site is in a heavily populated urban area.

J016
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POTENTIAL HAZARDOUS WASTE SITE
STTC INSPECTION REPORT

PART * • WATER, OCMOORAPHK. AND ENVIRONMENTAL DATA

«• WNTFICATW*

?A
u

04
vt oetmommtj. MfOMt»,nott
9'ftl̂ UfuntfifU»njMrioto<tmiii

0-*a»rttt Bl. 19-*-10-**MK DC. <0-«-tO*»«VHi 0 OOREATE* THAN to-»<»••.

M>» maun OF isacc* i o » » » « — " — " — — — — ' — — — •
C A.JIFgMJAjlÛ  XII«a>iTM|.YMPEMMEAIU C C l̂ lTVtLr PfHMCAKI O 0 VBtYPCMftkSLE

33R7r?35S 3n«m<oFeo»ri>»iiT«oio«.zoi«r'

OtNTrMWCWUnON 5T3̂  TUAIU4 ̂M< HAĴ «U.

2.4_____f./̂  ^ 0 ftal

o**i0ooPOi*(TUi
«-»•«. N/A Y«A»nam»iA»

*TESStOFt OMKTONOFSniSLOFt TINUM AVCKAOE SLOFt
•> South 1.5 v

1C*TA(CiTO«*TLMn(»«p>'

N/A c*ril>0'' •Â piwamia. COASTAL xaHMAa>^o«<EA. H>E*J«FLOOOWAY

OTMEK

N/A .., . N/A

TTa«Ti»ci TOO»rciLi«a~AT».

N/A

OMTAMCETO
MESBCNTIALANEAS.NATOiAL/STATIPAIKS. AdMCULTUMAL LA«S

eOMMW;i«U»CILHmAL FOMCSTS.OMWILOL*EPXSCMVtS FMMCAauMO AOLANO

A ' on site «.. « 50 feet ^ e N/A «. B approx. 1 ,».

The site is relatively flat, there is a downward slope to the south of the site.

VEIOUMCtSOFMFOMUTIOM

North Penn Water Authority
NUS FIT III
U.S. EPA
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&Bft POTOmAL HAZARDOUS WAST* *m: ,L̂ Ĉ*'nOtl
HTt INSPECTION REPORT t̂1* " ̂^̂

l MlffUS TAMM
SAI0UTVPI

OROWDWATV

SUMF/WIWATW

wAcrt
t*
•we*
SPU.

SOL

VmTATHM

OTMR

"yS5F*m «.-~.— T™ "iSS?.0,

evaluated nsinir nvnilnKlo rlatn

«. nU MUHJRjMHtn TAKIN
01 TYPI

N/A N/A

IV. PMOTOOJIAPMS AND MAM

0< TVPC C dPOU>C 3 ACPML N/A 1 « PI a*--* OP _M/A_ . . . . _ .
OIMVS MiaCAnoenarMAPt

S »e NUS Corporation, FIT III
V. OTMEM FWLO DATA COLLECTED .«. •....i . .in.u

Groundwater sampling has been taking place near the site from 1979 until present. NUS FIT
III sampled area wells August 28, 1986.

VL SOURCES OF INFORMATION <c* __«,...,., «.«. ——.—— . ——

North Penn Water Authority
NUS FIT III

w»«~.oro.ii IKII 1017
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... __ _ POTENTIAL HAZARDOUS WASTE SITE tOfTMl SITIINSPEC
^̂ t-i ̂* PARTT-OWNB

Helen Swantlev

10 Woodland Drive
MCRV JStTAflj

Lansdale PA

N/A

BF t

v«mi.̂ .v<

«*AM

19446
***" i i «-ir

I»..__I Illlll .Ml*« *».••• W

040" B4WAH

01 (MM oic

u«nwTA_Bnua.»o *.-». -,

MOTY 04STATK

"NM

U' ̂

030

o-̂ -rr «-«... ->-...,

MCirr o4jTAn Of t

M«ca.

FCOOt

*****""

CM «C COM

FCOOt

o««ccoot

FCOOt

SLMCVtOMOWW.mb.o~.-n.
Oi MM
Unknown
o--™»t«-««,.u ». -.. .,

OtCTY 04«TATI

01 KAMI

N/A

or 9 coot

MO

oifTWTM»ua,»e t. •». -.

N/A

+CMMM*

coot

0] 0* ••***•**

I*I»*W •J"1™1""" •" -»• -"

W3TT OC(T<Tf 07apcaoi

TK.N REPORT °
R INFORMATION -

OCNTIFICATK3N

A !>04S

N/A
OtO.fNUHM*

lenv 1) STATE

eiMMM
N/A

t4apcoo«

D*.-.NUM»

IfS-WMMSŜ LAI..., ttKCOft

itorv 11ITAT.

OilMM

N/A

KIP COM

OtO'*NUMl>

.OSTWTM..U... ..».., ..KCtXM

ItGfTV

OtMMI

N/A
MOMXiMtA

HOTY 1JJTATI uopcooa

iv. MALTY ewwm) »— ~ -— ~-—
01 MUM
Unknown

W0*e **"***"

N fn«IT UOPU4'' 9 •» «n« « . WSCCCK

O.OTY OVfTATt

N/A

°' coos

02 0*i*-.**3**

N/4
02 0* t NlM-Bt*

H0W ««...- .., ««..«

04 CITY 04 iTAfl 0' ZIPCOCC

V.SOm>CEaOF»»OI*UkTt3M.ia.»..i in n..- .• «•«••.! ii ii 111. -~

U.S.EPA

200297
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_ _,_ _ POTENTIAL HAZARDOUS WASTE SITE .LBtmmcATiow
AFTYV VTEINSPEC
Vl-* »̂ PARTi-OtNOUTORTTRA
E. OtMTTI OtMRATOR.

Gentle Cleaners, Incorporated

162 North Main Street
04OTV MCTATt

_Souderton —————————— _EA_
SL OPMITE (UMOUTOR.B

N/A

•̂*ccoai

18Pfi4

-cm

01 i-M-B

N/A
01 irmtTAOC.U*,.0 •.-..-,

04 STY 04 ITAT1

01 9* wwuj

M fr*0 NUUHfl

|04»CCOOt

^ LMHVM̂ ^̂ ^̂ ^̂ ^̂ H.oraicooi

W.TMAMINJRTIRrK

Safety Kleen Corporation
os ynuTACONUs <>o «**•• .>
777 BiK Timber Road

M CITY 04 $TA71

Elein 1̂
OINMrK

N/A

"

04 *C COCK

oao^cnnain

O4orr MtrcTuorvcaoi

TWN REPORT 0< JTArt °* *" ""-•"*
U«»0-Tf • lfff OflMATiriH -"— 2043

01 MM U0«l*iuu«ii

N/A

Man MfTATt 07 DP COO€

01NAAC 010-4NUKM*

«nWAMH^MMRM |«-«-

04cm |04«iArzior9ceei

OtHMM OZO«INUM«C«

N/A
Oa.F̂ «TABy«ll,»e.»i.»». ., 044CCOOI

04Cn> MttATl O'BPCCC*

01>MH( 0]0«tMUM4(A

N/A

OS CRY OtSTATt or 9COOC

"t — ̂n~"̂ *T"""T' n i n ---- i — «* .I.L...I ~~

U.S. EPA

f JOr»U(7-41|

200299



POTENTIAL HAZARDOUS WASTE SITE
SITI INSPECTION REPORT

PART H • PAST RESPONSE ACTIVITIES

J- OCNTTiCATlON

PA

L FACT WONM ACTrVTTM
OtOATE.

NPWA well S-9 has been closed dug to oonfaminnfinn.
01 0 S.

N/A
01 Q C

N/A
01 0 6

N/A
01 0 I OOMTAMMTV SOB.(M

N/A
01 O F. WA»TE •yp.MUfP 02 DATE ,

N/A _______________

N/A
01 C M ON STE SUKAL

_____01 c i * srru CI-MOM.TMATMBUT MOATE.
04 (

N/A
01 C J tt *TU •XOOCM. THATKB<T OaOATE———————————— OlAOINCY

N/A _________________________________________________________
01 C K M SrrU MTSCAi. nVATMNT M OATS .
04(

N/A
01 C L »CA«UUTO« M OATl.

JIMUI U M •-•< •!' I «-«TT Tm«Tt«rT 50ATK—— _ OSAQOOr

01 CM O/WWAtU WO*1*———————————— 03AOiNCY

J_J__01 0 o tMe-aBCYOMawoWACEWATWowEJ-Ww OZOATE
04

N/A
01 O F CUTOFF T-BO-U«*r WO*1*———————————— 03AQBCY

N/A
01 C 0 MMFJCS CUTOFF WAU. OJOATf—————————— MAOENCY
04 < —————

N/A ___________________________________________________——————————————— ToTFSPA PO«M !W»t»(7-41 1
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6BK •OTttTlAL HAZARDOUS WASTt am LS'mTrl̂ nWt
•tn INSPECTION REPORT .isTAnjoa«n«4w

PAirrii-PASTRtsPoiacAeTivmu PA 1 ?M ——— .
S FA»T MVOMH ACnVrTSB «_•

01 O a MMMR WALLS OONSTHUCTSD0400CWFTON
N/A

01 a s CAPPWCICOVWHO
MOEKNmON

N/A
Ol O T SULK TJMtAOC PEFAmD

N/A
01 c u OMOUTcum««coN>mjc-Be40EKMmoH

N/A
01 a V SOTTOM SSALB

N/A
01 c w OAS caNTnoL
040OCM.TON

N/A
01 C X «P« COMTHOL04 oocFvnoN

N/A
01 C Y LKACMATt TMATue<T
04 OEaCWTQN

N/A.
01 C Z AMA CV4CUATB
04 DEKIVTOt

NM .,,,,, . —————————01 = i ACCESS TO srrtncsTMCTto
04 OE9CWT10M

01 C 2 POPULATION WLOCATED
040ESCMFTO*

N/A
01 Z 3 OTVCP. PCMCOIAL ACTMTKS
04 OE9CMPT10N

a»°*™ _..,.. ._,. a*tame*

maul ea inmr;

MRATC Btlim̂ r

.»**-> <aiomci

«ivATm UM1BICY —————————————————

N/A

SL HUMcn or MFORMATION
North Penn Water Authority
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POTENTIAL HAZARDOUS WASTE SJTE
SITE INSPECTION REPORT

PART 11 • ENFORCEMENT INFORMATION

01 FAST l«K_J>TO-Y't»-MCtl«NT <CTO) ;

at msvTCM OF FBflHH. STAT1, UXAl PSOULATQMY

U.S. EPA
PA DER
North Penn Water Authority
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SOjRCE:(7.5 MINUTE SERIES) USGS TELFORD. PA ,QUAO

SAMPLE LOCATION MAP
NORTH PENN WATER AUTHORITY (N.PW.A.)

(NO SCALE) NUS
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i
i >500 ug/L

100 ug/L - 500 ug/L

25 ug/L - 100 ug/L

5 ug/L - 25 ug/L

0.5 ug/L - 5 ug/L

ARFA t

1 GENTLE CLEANERS INC. (no scale)
I 2 GRANITE KNITTING MILLS INC.

3 PARKSIDE APARTMENTS

,| FROM REFERENCE 5

I
ĈXDnPORATOSI

IA Halliburton Comfamg 3
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MONTGOMERY COUNTY, PENNSYLVANIA
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i
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BUCKS ~ ""-'-TOWN

'/» "f' • JtecL //'̂ -•.-y/' b-":̂ s
§̂ i£/i;-". f-; -. . .- ;'-

SOUDERTON 2CROUG4(024
DISTRIBUTION , MAP

".';l DATE SEPT 27, 1973 OWS NO 023
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8 0 J38§

Record of Co-amnicatlon on 6/13/86 - Comments to HRS Revere
Chemical - Nockaaixon Township, Bucks County, PA

Mr. Richard tfroblewski - EPA III
Mr. Anthony La* - Hitr* Corp.

Mr. Charles Vood, Chief
USGS Maivero, PA - District Offie*

• ' ••'•Kr. tood said th* Triassic age Lockatong Form-itlon at this location
is «n 'anticline type structure, and in this area the Lockatong Is not
very thick. The Triassic age Brnnswick Formation lo places overlies the
Lockatong sod in other places tmderlies the Loekatong in this area.

According to Mr. Hood the available" data does not clearly identify
the degree of interconnection between the Brunewick and Lockaton; in the
area; however, in hi* consideration of the following data:

— the Lockatong in this area ia noc as thick as the main body of •
Lockatong southeast of the site;

—" th* Lockatong and Srunawlck have the sane aquifer characterisCics
except for an order of magnitude lower transaiaslvity in the Lockatong;

- the Lockatong and Brunswick are hydrologies!ly one unit in other
areas of the Trlaaaic Baain (Montgomery and Bucks County, PA)

IB th* Trlaasic formations tltera'ia a shallow water table systea and
the shallow aystea is connected with and supplies recharge to the fractures
and Jolata which extend into th* formation.

A conservative aaswption is that there la sufficient interconnection
betveen the Formations and it i* very likely that a deep well .a the area
would obtain water fro* both Formations. This ia also based on the fact
that the walls in th* area are completed a* open rock hole* with only the
overburden caaed off.

Mr. Wood indicated that poap test data would b* evidence of hydrolo-
gical unit assuming one of the wells showing interference fron puaping
Is constructed in the Bronsvick Formation, the puaping »-ell being located
in the Lockatong.

1026;
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LAW OFFICES

JACZUN, GRABOWSK.I & LEONARD
ONE SOUTH FIFTH STREET

VICTOR. S_JAC2UNII939-I9S3> f O 1OX 192

FRAX'CIS X CRABOMCSKI PERKASIE, PENNSYLVANIA 18944 TELEPHONE 2S7-8OC6
NICHOLAS A LEONARD AREA CODE 215

MARY C. EBERLE

July 7, 1986

Lorie Acker
U.S. Environmental Protection Agency,
Region III

Site Investigation and Support (3HW23)
841 Chestnut Building, 6th Floor
Philadelphia, PA 19107

RE: Gentle Cleaners, Inc./3HW23

Dear Ms. Acker:

Pursuant to your request of June 24, 1986, my client. Gentle
Cleaners, Inc., of Souderton, Pennsylvania has compiled a list
of the hazardous chemicals used in its operation, together with
all data available in the transportation and disposal of said
chemicals. The list is as follows:

1. Perchloroethylene (PCE) - PCE has been used from 1953
to the present. From 1953 to 1983, Gentle Cleaners received
shipments of 75 to 100 gallons per month. In 1983, a new dry-
cleaning machine was purchased and the PCE use was limited to
approximately 50 gallons per month. The PCE has been sent in
drums or by tank-fulls. The PCE delivered in tank trucks was
held in a storage tank until it was used in the dry-cleaning
machine. Any PCE left over after the dry-cleaning process was
contained in filters which were removed from the machine period-
ically. The filters are removed by Safety Kleen Corporation,
777 Big Timber Road, Elgin, Illinois. The PCE is purchased
form Ferguson Solvent Company of Philadelphia, Pennsylvania
and G S L Supply, Germantown Avenue, Philadelphia, Pennsylvania.

2. American Paint, Oil and Grease Remover - A spotting
chemical which contains petroleum distillates and organic sol-
vents. Gentle Cleaners, Inc., has used 6 to 7 gallons per year
since 1953. This spotting chemical comes in gallon tins similar
to square paint cans.

1027
A PROFESSIONAL CORPORATION
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Ms. Lorie Acker
U.S. Environmental Protection Agency
Region III

Page Two
July 7, 1986

3. Adco Spray Spotter - Spray Spotter is a pre-spotting
chemical which contains 50% petroleum distillates. Gentle Cleaners,
Inc., uses two 20-gallon drums per year and the chemical remains
in these drums except the small amount which are used in the
plastic spray bottle applicators.

I have also enclosed copies of OSHA Material Safety Data
Sheets on various substances used in my clients dry-cleaning
business. A copy of the lease of the Souderton store in ques-
tion is attached as well. If you need any additional information,
please don't hesitate to contact me.

Sincerely,

JACZUK, GRABOWSKI S LEONARD

fillVI P $ 5Iliw. ^kJBy; I I Q»M V
Mary t> Eberle

MCE:dim
Enc.

toss

200309



L.AW OFFICES

SOUDER. ROSENBERGER, LAPP & 8RICKER
IM-IJO EAST BROAD STREET

f O. BOX 739
CLVIS R. SOUDER APE* CODE Zl!
RICWAOO A. BOSENBEHGER SOUOEBTON, PA. I09C4 723-O74
JOSEPH L. LAPR
ROBERT G. BRICKER
FRANCIS X. BUSCHMAN, JR. , , , -,
STANLEY H-OTT JUiy i/,
JAMES W. MAZA •

•ALSO DISTRICT Of COLUMBIA BAR

Ms. Lorie Acker
U. S. Environmental Protection Agency, Region III
Site Investigation and Support Section (3HW23)
841 Chestnut Building, 6th Floor
Philadelphia, Pennsylvania 19107

Re: Granite Knitting Mills, Inc.

Dear Ms. Acker:

This letter is intended to serve as a response to
your correspondence dated June 24, 1986 requesting certain infor-
mation from Grante Knitting Mills. Inc. as oart of vour investiga-
tion of the contamination of the North Penn Water Authority well in
Souderton.

As you are most likely aware, Granite Knitting Mills has
been participating in the North Penn Concerned Business Committee and
has also been discussing with the North Penn Water Authority the
contamination of the well in Souderton and Granite's possible involve-
ment as a "potentially responsible party".

The company has also initiated an internal investigation
to determine whether or not Granite may have contributed to the ground
water contamination even though such an internal investigation is
difficult because the current principals did not own the company
prior to 1976. This difficulty is further compounded by the fact
that most of the persons currently in supervisory positions were
not employed by Granite prior to 1978.

Accordingly, pursuant to the information requests
outlined in your letter, we are able to supply you with the following
information:

1. Based on available information, the company used
perchlorethylene as part of a dry cleaning process at its plant.
Attached hereto is a statement from Walter Clemnvir who supervised
this process. He is now retired and living in North Carolina and
is no longer employed with the company.

1029
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Ms. Lorie Acker -2- July 17, 1986

2. This chemical was obtained from Sterling Chemical
Company of Philadelphia and at present, we are uncertain as to when
purchases began, or the amounts of said purchases. We have con-
tacted Sterling in order to gain additional information, but they
are unable to help us in this matter.

3. Based on an interview with Walter Clemmer when
the perchlorethylene solution was distilled or recycled, the waste
material generated was stored in 55 gallon drums prior to pick up
by a local municipal road crew for spraying on the township roads.
These were placed outside the company's plant prior to disposal.
No other additional information is available at present regarding
the removal of this substance.

4. We know cff no correspondence between the company
and any regulatory agency other than the EPA.

5. The North Penn Water Authority has corresponded
with Granite regarding this alleged contamination and it is under-
stood that this correspondence has been turned over to the EPA.

6. A search has been made of company records for
purchase orders or other documentation regarding the purchase,
storage, transportation of this material and at present, no such
documentation has been located.

7. A copy of a mortgage with a description of the
real estate and map is attached hereto.

Rest assured that the company is continuing its
efforts to assemble the facts which will provide the requisite
information as to whether or not any hazardous substance from
Granite may have contaminated the West Street well. If additional
material becomes available, the company will furnish the same to
your agency promptly.

In return for this disclosure, we would respectfully
request that your agency turn over under the Freedom of Information
Act, any and all information which may be relevant to the company's
investigation of this matter. Based on prior conversations with
North Penn Water Authority personnel and limited knowledge of a
prior EPA investigation, it is the company's belief that your
agency has testing results, interviews and other documents regarding
the contamination of the West Street well in Souderton. Specifically,

1030
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Ms. Lorie Acker -3- July 17, 1986

it is our understanding that other surrounding business establish-
ments may have used hazardous substances and in the past which could
have contaminated both the Granite property and the West Street well
in Souderton.

Should you have any additional questions or information
requests, please do not hesitate to contact me at once.

JWM/mb

Enclosures

cc: Mr. Lake S. Clemmer

1031

200312



Drycleanlr.i* at

Purpose: To bulk the Banlon blanks and re.nove coning oils
• t

Drycleaning Machine was a Pernac Bowe purchased fro.n A-nericnn
Pemac somewhere in Lon/r, Island. II.OU6MI1UUII>X All functions
of drycleaning were contained in the sin:jle unit. Mnterisl
went iri dry and catie out dry.

Materials used ty the .uâ riine were perchlorethyler.e and s-aall
amounts of softening agent and detergent. I believe the perc.
w«a purchased fron Sterling in Phils, and do not reiember from
vrhon we ourchase<- the softener and determent (Ellie would
probably re-aeiber)

Ci.-irc.tion was all automatic and controlled wit1. a progrn mitr.
Msterial to he bulked ,ves entered- and .aachine started. The basket
starred revolving and a valve opened allowing a pre.-ie.te mined
a.nouni o! perc. frô J holding tank to enter the nac'iine "lorifj
~ith s-riall anon ;ta 6f softener and determent. Thin washing actiji
•vent on for aboiint 8 ninutes. Trie lac'iine then went on centrifuge
notion '.T'lizzing the lic.uiJ out of t-.c ̂ orients nnl pu.ipl.ig about
16i to fie still an.-i the balance to the '.oldlng tank. The next
cycle v..'.3 to r;et the balance flf the liquid out of the uaterial
w'nioh was accouplliihed by introducing hot air w:ille the bosket
•vai still rtv ;lvin ",. This evaporated the balance of the perc.
not rt loved fcy whizzing. Th'e hot pere. laden air was than pasaed
over a coolinp; coil to precipitate the perc. out of the sir. This
too -.T.IS rt-t'̂ ne-i to the noldin.^ tanit.Thls completed fie ar.tion
13 i'nr is t;ac naterinl 'oea.

7'ie s-n.«ll rniouit sent to the still on evt ry cycle was to slenn up
the perc. >>y evaporation and coolln ; a;.--l this too w»s sent to

tV< 'loliin; fr.k. The residue left in the still contained nostly
coninj: oils re loved f.-OM the tateri'il Qii'l trie deter-'c .-.t .
"".e still v.-ns clen.ierl out , I J-elieve weekly, V>ut l»«forf re iov-il
I- was subjectei to live steaa injection to move iny X>i»XXXX
la;t t-'ices of perc. This wrsste material (Q? rox. S sals, per- clennout)
•*».3 .-itortd outside the v-uil-li .-.»•; on the alley side in 5-5C gal dru.as
•j:itll rt ..oved by either the road dt-pt. of Tow-i lino In Toins-iip
for kee;-.ln2 down j<ist on -ilrt roais or.lRtcr, V^ <o .e ?.-â te disposal
c=a..9ny. It should be noted that Just a trnce of perc. .vas left
in the residue. Pere. has a very strong odor, ;>ut it WHS not
noticeable In She dru-is ofwaste oils. Pos <ibly the A-nerican Per.iac
.•e;;ile c'i.-i ^ivt. you f 1 7i.'c3 jn ^ irni-.t s:' ,-)i '.-c . lv "t ti the

2; no tiie while I won in charge, was any of t-.t residue dumped
SC.-.T: -veils orinto a ton sewers.

r-irt'-ier ..'eonle yon oc^l-i co.-.t-'.ct r.j c.v . .!•>..-: !-.£,. '»re: "si" it,
.';•-, .Ve-ntC'-l, ' orn l^jtr, £.1. ni r ...:] • * '. it'.4.-'? ; .-'" -isf,c r •••.chc ••.
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Ĵ

/ ~7̂ £̂£, j>-̂ £̂ _̂ .
' . i ' ^̂ A,/̂
?hl̂

J037

200318



NUS CORPORA TfON TELECON NO TE

CONTROL NO: DATE: TIME:

/
DISTRIBUTION:

BETWEEN: OF: PHONE.

AND:
^7 _^

(NUS)

DISCUSSION:

r̂
t̂stZsy**

ACTION ITEMS:

T038"

200319



NUS CORPORA TIONAND SUBSIDIARIES TELECON NOTE

CONTROL NO: DATE: TIME:

DISTRIBUTION:

BETWEEN: OF; 7. , PHONE:

AND:

DISCUSSION:

*y Afl/»do

t ...c.

u>

(
f>ytt\

Ĥ-
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Bulletin Wll. 1955 - jf. "-̂ L/î M̂  |J| A Halliburton Company

200322



GROUND-WATER RESOURCES
OF

BUCKS COUNTY
PENNSYLVANIAEXPLANATION

i&S?JE5j3Hf̂ Jffî !p̂ i

Brunswick Formation

Lockatona Formation

„'•"/ ."r.1 i

ATE I. GtOLOGIC MAP OF THE BRUNSWICK AND
LOCKATONC PORMATIONS.IN BERKS AND
MONTGOMERY COUNTIES, PENNSYLVANIA,

SHOWING WELL LOCATIONS.
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.*s! sis-Sis 'Î C=S -5l|| I i^l-Sg^IlsJJ ŝ 8.̂.313 n . . " .. c >•-;. =u, ™.u .. o £• ™ S SSB?"N = otr h-^m J n 2 e. a.-rsl:i^ -Isifiifj-!!s^illiJll.ij ls?;:-im-iiimi^-s-sKil.iSSsi-̂ i*:! J-=.s!2HI.* iTsi-s-g i s- ̂Ha.=.:̂>;" i-o - o S"= s "-^ 2~M°_:°^l|!=̂ l̂l. i^H:iiI SiHil̂ s.l.s-f-8 I|-S|||c-!lt:irif:S,=|l=ifi
"I il'islJ-SsI ' S^-=S.-S^

200346



I
X2
z

20034?



& SIT 9*1-11-6 is va C'oi S'6-C OI-ZT wi nee jjoiws 'ti __
Q OS 8*H*1Z"2 OT Vi 9TS OT"ZT VQ T"fO*I Jjotfiô s *W*V T**̂ T*lunH T*P*f*l £9SO~*i22f Hi
W i6T A*l"T"€ 9H Vi Si SZ€ OT"Tt W *I"T-X W1WS "WiT T̂ diortKH •Ttpmnr-i iS3t"<-5Zf Ci
W 8ZT iT-T-t Zn Vt 5**-*. 90C Ot"9T VQ. 9*2SC JJOTJOIS 'WiY T̂T'T0".. »I»p«tnri ZŜ tT̂ Kf Zi
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Guidance on Remedial Investigations
I Under CERCLA
I
I

Prepared for:
Hazardous Waste Engineering Research Laboratory

Office of Research and Development
U.S. Environmental Protection Agency

Cincinnati, Ohio 45268

and

Office of Emergency and Remedial Response
and

Office of Waste Programs Enforcement
Office of Solid Waste and Emergency Response

• U.S. Environmental Protection Agency
Washington, D.C.- 20460
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Guidance on Feasibility Studies
' Under CERCLA
I
I
I

Prepared for:
Hazardous Waste Engineering Research Laboratory

Office of Research and Development
U.S. Environmental Protection Agency

Cincinnati, Ohio 45268

and

Office of Emergency and Remedial Response
and

Office of Waste Programs Enforcement
Office of Solid Waste and Emergency Response

U.S. Environmental Protection Agency
Washington, D.C. 20460
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NORTH PEIMIM WATER AUTHORITY

DAVID * LANDKV
U«*,U Inucfc

JOHN P lAKKEK
FrwcDAit T*w*«hl»

ERNEST 0 YOCL-M JK S-

200 NORTH CHESTNUT STREET
P.O. BOX 5.1. LANSDALE. PA 1M4«

TEL: 215-US-M17

Tim Silar
NUS Corporation
992 Old Eagle School Road
Suite 916
Wayne, PA 19087

Dear Tim:

This is to provide further in-f ormation in reference to my
letter to you o-f September 3, 1986, in which I reported result*
o-f sampling in the Souderton Area. The samples were collected
by you on August 28, 1986.

All o-f the samples were analysed for volatile organic
chemicals in the NPWA laboratory. EPA Method 502. 1 -for gas
chromatography was used. All ERA protocols were -followed and1
the results oi our quality control exercises were well within
establisned guidelines. Detailed explanations o-f the quality
control procedures used -for these samples were included in our
QA Plan, which I submitted with my letter o-f 9/3/86.

I have attached another copy o-f the results. Please don't
hesitate to let me know i-f you need any -further in-f ormation.

Sincerely,

NORTH PENN WATER AUTHORITY

Judith A. Coyle
Water Quality Manager

sncl
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LAW OFFICES i

JACZUK GRABOWSKI S LEONARD
ONE SOUTH FIFTH STREET

VICTOR. S.JACZUN U939-I9&31 P. O. BOX IBS

FRANCIS X.GRABOWSKI PER.KASIE. PENNSYLVANIA 18944 TELEPHONE 257-8OS6
NICHOLAS A. LEONARD AREA CODE zis

MARY C. EBERLE

July 7, 1986

Lorie Acker
U.S. Environmental Protection Agency,
Region III

Site Investigation and Support (3HW23)
841 Chestnut Building, 6th Floor
Philadelphia, PA 19107

RE: Gentle Cleaners, Inc./3HW23

Dear Ms. Acker:

Pursuant to your request of June 24, 1986, my client, Gentle
Cleaners, Inc., of Souderton, Pennsylvania has compiled a list
of the hazardous chemicals used in its operation, together with
all data available in the transportation and disposal of said
chemicals. The list is as follows:

1. Perchloroethylene (PCE) - PCE has been used from 1953
to the present. Prom 1953 to 1983, Gentle Cleaners received
shipments of 75 to 100 gallons per month. In 1983, a new dry-
cleaning machine was purchased and the PCE use was limited to
approximately 50 gallons per month. The PCE has been sent in
drums or by tank-fulls. The PCE delivered in tank trucks was
held in a storage tank until it was used in the dry-cleaning
machine. Any PCE left over after the dry-cleaning process was
contained in filters which were removed from the machine period-
ically. The filters are removed by Safety Kleen Corporation,
777 Big Timber Road, Elgin, Illinois. The PCE is purchased
form Ferguson Solvent Company of Philadelphia, Pennsylvania
and G & L Supply, Germantown Avenue, Philadelphia, Pennsylvania.

2. American Paint, Oil and Grease Remover - A spotting
chemical which contains petroleum distillates and organic sol-
vents. Gentle Cleaners, Inc., has used 6 to 7 gallons per year
since 1953. This spotting chemical comes in gallon tins similar
to square paint cans.

A PROFESSIONAL CORPORATION
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Ms. Lorie Acker
'U.S. Environmental Protection Agency

Region III
Page Two
July 7, 1986

3. Adco Spray Spotter - Spray Spotter is a pre-spotting
chemical which contains 50% petroleum distillates. Gentle Cleaners,
Inc., uses two 20-gallon drums per year and the chemical remains
in these drums except the small amount which are used in the
plastic spray bottle applicators.

I have also enclosed copies of OSHA Material Safety Data
Sheets on various substances used in my clients dry-cleaning
business. A copy of the lease of the Souderton store in ques-
tion is attached as well. If you need any additional information,
please don't hesitate to contact me.

Sincerely,

MCE:dim
Enc.

JACZO

By:J]
Ma

I, GRABOWSK

*M( Oft

I & LEONARD

..
f C-~Eberle
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NUS CORPORA TION TELECON NO TE

CONTROL NO: OATEi TIME:

DISTRIBUTION:

BETWEEN: OF: PHONE:

(NUS)

DISCUSSION:

/f/f 0

ACTION ITEMS:

^040

NUS oe? NEVISCO oe*i
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ui J. o,;
( LAW OFFICES ,

SOUDER, ROSENBERGER. LAPP & BR.CKER
II-4-I2O EAST BROAD STREET

P. O. BOX 739
ELVIN R. SOUDER AREA CODE 215
RICHARD A. ROSENBERGER SOUOERTON, PA. I896-4 7E3-437-4
JOSEPH L. LAPP
ROBERT G. SRICKER
FRANCIS X. 8USCHMAN, JR. T, ._ -inOC.
STANLEY R.OTT JUly 17» 1986
JAMES W. MAZA •

• ALSO DISTRICT OF COLUMBIA BAR

Ms. Lorie Acker
U. S. Environmental Protection Agency, Region III
Site Investigation and Support Section (3HW23)
841 Chestnut Building, 6th Floor
Philadelphia, Pennsylvania 19107

Re: Granite Knitting Mills. Inc.
•

Dear Ms. Acker:

This letter is intended to serve as a response to
your correspondence dated June 24, 198* requesting certain infor-
mation from Grante Knitting Mills. Inc. as oart of vour investiea-
tion of the contamination of the North Penn Water Authority well in
Souderton.

As you are most likely aware, Granite Knitting Mills has
been participating in the North Penn Concerned Business Committee and
has also been discussing with the North Penn Water Authority the
contamination of the well in Souderton and Granite's possible involve-
ment as a "potentially responsible party".

The company has also initiated an internal investigation
to determine whether or not Granite may have contributed to the ground
water contamination even though such an internal investigation is
difficult because the current principals did not own the company
prior to 1976. This difficulty is further compounded by the fact
that most of the persons currently in supervisory positions were
not employed by Granite prior to 1978.-

Accordingly, pursuant to the information requests
outlined in your letter, we are able to supply you with the following
information:

1. Based on available information, the company used
perchlorethylene as part of a dry cleaning process at its plant.
Attached hereto is a statement from Walter Clernner who supervised
this process. He is now retired and living in North Carolina and
is no longer employed with the company.
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Ms. Lorie Acker -2- July 17, 1986

2. This chemical was obtained from Sterling Chemical
Company of Philadelphia and at present, we are uncertain as to when
purchases began, or the amounts of said purchases. We have con-
tacted Sterling in order to gain additional information, but they
are unable to help us in this matter.

3. Based on an interview with Walter Clemmer when
the perchlorethylene solution was distilled or recycled, the waste
material generated was stored in 55 gallon drums prior to pick up
by a local municipal road crew for spraying on the township roads.
These were placed outside the company's plant prior to disposal.
No other additional information is available at present regarding
the removal of this substance.

4. We know of no correspondence between the company
and any regulatory agency other than the EPA.

5. The North Penn Water Authority has corresponded
with Granite regarding this alleged contamination and it is under-
stood that this correspondence has been turned over to the EPA.

6. A search has been made of company records for
purchase orders or other documentation regarding the purchase,
storage, transportation of this material and at present, no such
documentation has been located.

7. A copy of a mortgage with a description of the
real estate and map is attached hereto.

Rest assured that the company is continuing its
efforts to assemble the facts which will provide the requisite
information as to whether or not any hazardous substance from
Granite may have contaminated the West Street well. If additional
material becomes available, the company will furnish the same to
your agency promptly.

In return for this disclosure, we would respectfully
request that your agency turn over under the Freedom of Information
Act, any and all information which may be relevant to the company's
investigation of this matter. Based on prior conversations with
North Penn Water Authority personnel and limited knowledge of a
prior EPA investigation, it is the company's belief that your
agency has testing results, interviews and other documents regarding
the contamination of the West Street well in Souderton. Specifically,

200368



Ms. Lorie Acker -3- July 17, 1986

it is our understanding that other surrounding business establish-
ments may have used hazardous substances and in the past which could
have contaminated both the Granite property and the West Street well
in Souderton.

Should you have any additional questions or information
requests, please do not hesitate to contact me at once.

JWM/mb

Enclosures

cc: Mr. Lake S. Clemmer

vy
J/MES W. MAZA
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Purpose: To bulk the Banlon blanks and re.nove coning oils
• •

Drycleaning Machine was a Permsc Bowe purchased from American
Permac somewhere in Lonp; Island. XXXXBXEIILXILÎ X All functions
of drycleaning were contained in the single unit. Material
went in dry and cane out dry.

Materials used by the machine were perchlorethylene and small
suTiounts of softening agent and detergent. I believe the perc.
was purchased frott Sterling in Phila. and do not remember from
vfhom we ourchased the softener and determent (Ellie would
probably remember)

Operation was all automatic and controlled with a progmmmer.
Material to be bulked was entered and .aachine started. The basket
started revolving and a valve ope-ned allowing a ore deter nine d
amount of perc. from holding tank to enter the nachine alon<£
with small amounts 6f softener and determent. This washing action
went on for abount 8 .ainutes. The mac'iine then went on centrifuge
notion -.thizzing the lieu id out of tu.c ̂ nraenta fln.1 punping about
16^ to the still and the balance to the molding tank. The next
cycle T&ns to r;et the balance 6f the liquid out of the material
which v/aa accomplished by introducing hot air w.iile the basket
was still rev ilviiv,. This evaporated the balance of the perc.
not re rtoved by whizzing. Trie hot perc. laden air was than passed
over a cooling coil to precipitate the perc. out of the air. This
too was returned to the Holding tank.This completed the action
AS far as ti;e material :toes.

The small amount sent to the still on every cycle was to clean up
the perc. by evaporation and cooling and this too wos sent to

the hoi'Sin;; t»nk. The reaidue left in the still contained nostly
coning oila re noved from the .material and tne deter-^Ciit.
The still '.vns cleaned out , I believe weekly, but before re novol
it was subjected to live steam injection to-renove any XRXXXKX
lajt t?<!ce^ of perc. This waste material (a? rox. S gals, per clesnout)
WP.S stored outside the building on the alley side In 5-55 gal dru_a3
until re-noved by either the road de.pt. of Town-nincin Township
for keeping do\»n dust on dirt ronds or,later, by sorae waste disposal
ccmpany. It should be noted that Just a trace of perc. was left
in the residue, Perc. has a very strong odor, but it was not
noticeable in the drums ofwaste oils. Possibly the American Peraac
people can ^ivc you f i 7\re3 jn n asunt o:" 'p«. :-c. If "t In the realdue.

Kt no tine while I was In charge, was any of t-ie residue dumped
dcwr: wells orinto stor-.n aewera.

Further ;:eople yon cc^lJ contact 13 to j.ri.c- i'-'£e are: Eilie,
;lqy .Ventrcl, "iorn "iH^tr, E.l-ni.r .C;:!- M .1 H-.io.; .-"""tistt.r-'ticher.
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GEOLOGY AND HYDROLOGY OF THE STOCKTON
FORMATION IN SOUTHEASTERN PENNSYLVANIA

by
Donald R. Rima, Harold Meisler,

and
Stanley M. Longwill

ABSTRACT
The Stockton formation underlies two separate, irregularly shaped elongate

areas ia Bucks. Chester, and Montgomery Counties in southeastern Pennsylvania.
It ti the oldest sedimentary formation in the Newark group of Triassic age. The
formation consists of interbedded arkose, arkosic conglomerate, feidspathic sandstone.
and red shale and siltstone.

During the investigation leading to this report, the Stockton formation was
mapped in detail in an area extending from the Bucks County-Montgomery County
line westward to Phoentxville. In this area the formation was subdivided into three
members, as follows: (1) the lower arkose member, which is characterized by the
abundance of coarse-grained arkosic sandstone and arkosic conglomerate; fl) the
middle arkose member, which is characterized by the abundance of fine-and medium-
grained arkosic sandstone: and (3) the upper shale member, which consists mostly
of shale and siltstone.

Although locally the sediments become finer grained upward in the formation.
sediments of different textures are interbedded irregularly. Beds commonly pinch
out or grade laterally into beds of different texture end color. In the area mapped
in detail, the thickness of the Stockton formation ranges from 6,000 feet near the
Montgomery County-Bucks County line to 2.300 feet at Phoenixville. The beds
of the formation dip homoclinally to the north and northwest at an average angle
of 12*. The sediments were derived from crystalline highlands to the south and de-
posited as coalescing alluvial fans upon the piedmont slope at the base of the
highlands.

The middle arkose member has the highest yield of the three members of the
formation. It has an average specific capacity of 5.0 gpm (gallons per minute)
per foot of drawdown and an average reported yield of about 130 gpic. The
lower arkose member has aa average specific capacity of 3.0 gpm per foot of
drawdown aad an average reported yield of about 110 gpm. The upper shale
member, the poorest aquifer ia the formation, has an average specific capacity
of 0.5 gpm per loot of drawdown and an average reported yield of about 20 gpm.

Laboratory tests on 12 rock samples indicate that the medium-grained arkosic
sandstone has the highest specific yield and porosity and that siltstone and very
fine-grained aandstone have the lowest specific yield and porosity. The medium-
grained arkosic sandstone is better sorted and consequently more porous than the
coarse-grained arkosic sandstones. The siltstoaes and very fine-grained sandstones
are the least porous because they contain much clay, which clogs the pores.

Analyses of pumping tests made at five localities indicated coefficients of trans-
missibility ranqing from 1.000 gpd (gallons per day) per foot to 25,000 gpd per
foot and coefficients of storage ranging from 1.9x10-3 to S.-fXlO-*. Few of the
drawdown-time curves used in the analyses matched the type curve beyond the
first few hours. Some of the curves indicated recharge boundaries, and others in-
dicated impermeable boundaries.
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. solid content of 202 ppm (parts per million ). Concentrations of dissolved-solids
greater than 2.5 ppm are due to the introduction of waters high in sulfate. and
water having a dissolved-solids content greater than approximately 400 ppm is
predominantly sulfate water. The occurrence of water with a high dissolved-solids
content (and its attendant high sulfate content) may be related to industrial con-

eastern Pennsylvania, most municipalities and industries depend on
ground water for potable water supplies. The lack of information
on the occurrence of ground water in these rocks has seriously handi-
capped development of new supplies to meet.increased demands for
water. In January 1956. recognizing the urgent need for information
to insure the optimum use of available supplies, the U.S. Geological
Survey, in cooperation with the Pennsylvania Geological Survey, be-
gan a study of the occurrence of ground water in the Triassic rocks of

This report contains the results of an investigation of the occur-
rence of ground water in the Stockton formation. It is one of several
reports that will be prepared concerning ground water in the Triassic
rocks of southeastern Pennsylvania.

and structure upon the occurrence of ground water. (2) the hydraulic

GROUND WATER — STOCKTON FORMATION '
t

Because of the complex hydraulic characteristics of the Stockton formation.
as revealed bv the pumping tests, results obtained from standard pumpmg-test
procedures cannot be used satisfactorily for predicting long-term water-level trends

tamination associated with urbanization.
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The Stockton formation underlies two separate, irregularly shaped c emical c
elongate areas in Bucks. Chester, and Montgomery Counties in south-
eastern Pennsylvania. (See Fig. 1.) Most of the field work for this
investigation was concentrated in the part of the outcrop area in
Montgomery County, because it constitutes the area of greatest present
end potential use of the Stockton for ground-water supplies. In the
remainder of the area of outcrop, the study was more generalized —
consisting chiefly of the collection of basic hydrologic data, including
records of wells and data on the chemical quality of ground water.
Attention is focused on (1) the influence of topography, lithology. .. ,

characteristics of the formation, and (3) the chemical character of the , ,
water being withdrawn from the formation.
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INTRODUCTION 3

Stockton format,on. PREVIOUS INVESTIGATIONS
jndard puinpmg-test
n water-level trends One of the earliest written references to the occurrence of ground

water in the Stockton formation in Southeastern Pennsylvania appeared
the formation. The in a report by Bascom (1904. P. 53). That report contains a brief
i oT'diMoIveTsolids' discussion of ground-water conditions in the "Triassic bdt" and a
ligh in sulfate. and ^le of a/'esian wells in which the Stockton formation is called the •
mately 400 ppm is "Norristov. • shale". The same table (with the Stockton formation ,
high dissolved-solids identified; jnd an expanded discussion of ground-water conditions in
- eo industrial con- thc Triassic r(?cks was included in a report by Bascom and others

(1909. p. 23). [

In 1925 Hall began a reconnaissance of the occurrence of ground
water in southeastern Pennsylvania. The report on that investigation
(Hall. 1934) contains a brief description of the geologic and hydrologic |
character of each of the rock formations exposed in southeastern Penn- ,
sylvania and additional information on ground-water conditions' in r

rocks in south- each county Hau concluded that the coarse beds of the Stockton ;
rnes depend on formation were generally more permeable than the rocks constituting ;
i of information the rest Q[ the TriasSjC sequence anci wou]d. therefore, yield larger
seriously handi- amounts of water.
;ed demands for
t for information A report on Middlesex County. N. J.. by Barksdale and others ;
U.S. Geological (1943, p. 140-M8) contains a description of the hydraulic character :
rical Survey, be- of the Triassic rocks in that area. Factors affecting yield are cited
Triassic rocks of and estimates concerning the safe yield of these rocks are given.

A discussion of the hydrologic character of the Stockton formation
_n of the occur- in Bucks County, Pa., appears in a report by Greenman (1955. p.
s one of several 26-30). Factors controlling the occurrence and movement of ground
r in the Triassic water are described and average values for the hydraulic properties

of the rocks are given. The report also contains a description of the ,
-eqularly shaped chemical character of water from the Stockton formation. j
.unties in south- Reports by Parker and others (in press) and Barksdale and others •
Id work for this (i95&) describe some aspects of the hydrology of the Stockton forma- v
outcrop area in tjon j,ut ti,ese reports are based largely on the data contained in one f
greatest present Or more of ̂  reports previously cited. ?
supplies. In the
j genera ize — METHODS OF THIS INVESTIGATION ;
data, including <

K ° r h l ^n 'nven£ory was made of nearly all large municipal and industrial ;
M k' k'J509̂  Ue'!s anc* aDout 10 Percent of the rural and domestic wells tapping
.) the hydraulic {hc Stockton forrnation The we_| records are presented in Table 6. :
character ote an^ ̂ ^ ^^ locations are shown in Plate 1. Geologic information was •

200375 f, . : $
*• -• *•. ,..?



*1 !4 GROUND WATER — STOCKTON FORMATION '

obtained from drillers' logs of wells and drilling samples from newly {
drilled wells. Abandoned wells that were accessible and some newly
drilled wells were explored by means of geophysical-logging tech-
niques such as electric, gamma-ray, and temperature logging. An
attempt was made to measure the flow of water through the borehole
in one well under non-pumping conditions by releasing salt (NaCl) at
various depths in the borehole and tracing its movement with a
borehole-resistivity probe. (See Bennett and Patten. 1960)

An areal geologic map of the Stockton formation in Montgomery
County and part of Chester County was prepared from observations
of rock exposures and float and by projecting lithologic contacts
identified in well logs to the surface—using known angles of inclination
of the rock strata, (see Plate 2.) Laboratory tests for porosity, specific
yield, and permeability were made of 12 rock samples that were
considered to be representative of the different beds in the Stockton
formation.

Pumping-test data were collected and analyzed by means of the
nonequilibrium formula of Theis (1935).

Chemical analyses of ground water were made to identify the
characteristic chemical and physical properties of the ground water
in the Stockton area.

WELL-NUMBERING SYSTEM

The well-numbering system used in this report includes an identi-
fication number and a location number. The well-identification num-
ber consists of a two-letter symbol for the name of the county fol-
lowed by a serial number beginning with 1 in each county. The
county symbols used in this report are Bk for Bucks County. Ch
for Chester County, and Mg for Montgomery County. For example.
Mg-83 identifies the 83rd well scheduled in Montgomery County.

The well-location number is composed of two parts separated
by a hyphen—J22b-1205. The first part. "J22B." refers to the coordinate
system used to identify the individual 7_/£-minute quadrangle maps.
This system employs the use of the letters A through L (except I)
along the west border of the State of Pennsylvania to designate from
north to south each 15-minute interval of latitude. Similarly, the
numbers 1 through 25 are used along the north border to designate from
west to east each 15-minute interval of longitude. Each pair of
coordinates designates a 15-minute quadrangle that is subdivided into
four parts by using the letters a, b, c, and d to represent the northwest.
northeast, southwest, and southeast quarters respectively.

200376



INTRODUCTION 5

es from newly The second part of the well-location number consists of a four-
id some newly digit number that identifies the northwest corner of a one-hundredth
-logging tech- square-mile area within any 7Ĵ -minute quadrangle map. The first V
logging. An two figures refer to the number of tenths of a mile between the north- • -. f.
h the borehole ern boundary of the 7,/2-minute quadrangle map and the northern . -
;alt (NaCl) at boundary of the one-hundredth square-mile area containing the well I ' *
ement with a site. The last two figures refer to the distance between the western
?60) boundary of the 7̂ -minute quadrangle nap and the western boundary • :

of the one-hundredth square-mile area containing the well site. Thus. " . ;-
n Montgomery a well having Ae location number J22b-1205 is situated between 1.2
m observations and j 3 miles south and between 0.5 and 0.6 mile east of the north and . .
Jiogic contacts west boundaries, respectively, of the 7</£ minute quadrangle designated
s of inclination "I22b "
jrosity. specific
:les that were
n the Stockton ACKNOWLEDGMENTS : -.

The authors are indebted to the numerous organizations, indus-' . »
means of the tries, and individual well owners who gave access to their lands, per- 't

mitted measurements to be made in their wells, and furnished helpful
r-o identifv the information on the development of water supplies. Mr. Harry Borchers. '•
around water Superintendent of the-North Wales Municipal Authority, permitted

the authors to use a municipal well for the purpose of making special
tests. Mr. Thomas Mercaldo. President. Blue Bell Water Co.; Mr.
Buckingham. President. Langhornc Spring Water Co.: Mr. Barkmeyer, ;
Chief Engineer, Norristown State Hospital: Mr. C. M. Roberts.

udes an identi- Chief Engineer, Phoenix Iron and Steel Co.: and Mr. J. G. Tearsall. \
tification num- Engineer. Borough of Doylestown: allowed the use of their well
he county fol- fields for systematic pumping tests.
county. The Ridpath and Potter Drilling Co.. F. S. Bollinger and Sons
s County, Ch Drilling Co.. and the Philadelphia Drilling Co.. provided many well ;

L exarnP e' logs and drilling samples and gave much other useful information about
:rv County. wells jn {he Stockton fonnation.
:arts separated
3 the coordinate CLIMATE
adrangle maps. '
i L (except I) TJ_e «rea underlain by the Stockton formation in southeastern '
designate from Pennsylvania is in a region where temperature extremes are moderate
Similarly, the and rainfall is abundant.
designate from
Each pair of average annual precipitation for the years 1931 through 1952 ;

subdivided into ** 43.23 inches at Doylestown and 46.07 inches at Phoenixville. Pre-
• the northwest cipitation is fairly well distributed throughout the year, although it
.j is greatest during the summer. In the period of 1931-52. approximately
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GROUND WATER — STOCKTON FORMATION

40 percent of the annual precipitation occurred from May through
August. (Data from the U.S. Weather Bureau climatic summaries and
monthly climatological data.)

The average yearly temperature at Phoenixville is 54.3"F. Mean
monthly temperatures at Phoenixville range from 33.1°F in February to
76.7" F in July. Winters in southeastern Pennsylvania are comparative-
ly mild as, on the average, less than 100 days per year have minimum
temperatures below the freezing point. In the summer, temperatures
above 100'F are rare. (Data from U.S. Weather Bureau climatic
summaries and monthly climatological data.)

&EOLOGY

NEWARK GROUP

Sedimentary and associated igneous rocks of Triassic age occupy
a series of disconnected, down faulted basins that extend from Nova
Scotia to North Carolina. These rocks are known as the Newark
group. The sedimentary rocks are primarily red conglomerate, sand-
stone, arkose. siltstone. shale and argillite. They were deposited
in a shallow-water continental environment and exhibit crossbedding.
ripple marks, mud cracks, and raindrop impressions. The sedimentary
rocks are interbedded with lava flows and are intruded by diabase
dikes and sills.

The rocks of the Newark group have been correlated with Triassic
rocks of Europe and are generally considered to be Late Triassic
(McLaughlin. 1957. p. 1492-1493). Rocks of the group overlie
Paleozoic rocks unconformably and were not involved in the folding

•• ~i near the end of the Paleozoic era. Further evidence of their age lies
g in the fact that Cretaceous sediments overlie the Newark group un-
** conformably at several localities in New Jersey.
:* The Newark group in Pennsylvania occupies part of the largest

Triassic basin in the eastern United States—a basin that extends
'.* for more than 300 miles from southeastern New York to Virginia.
\ In Pennsylvania, the basin is 32 miles wide at the Delaware River and
~ 14 miles wide at the Maryland boundary. Large normal faults along

the northern boundary of the basin separate the Triassic sediments
from the older rocks to the north. (See Fig 1.) Similar faults do
not occur along the southern boundary of the basin, where Triassic
sediments unconformably overlie the older Paleozoic and Precambrian
rocks.

200378



GEOLOGY 7

ay through In southeastern Pennsylvania and western New Jersey, the Triassic
maries and sediments have been divided, in ascending order, into the Stockton.

Lockatong. and Brunswick formations. (See Fig. I.) The Stockton,
.,_ .. formation consists of interbedded arkose. subarkose. arkosic con-
1 ' glomerate, and red shale and siltstone. It is overlain to the north

by the Lockatong formation, which consists of dark-gray, black, and - «
. . red shale and argillite. The Lockatong formation is overlain to the •' . "'J%.

north by the Brunswick formation, which consists chiefly of soft red ' ":£
" -. . shale and thin beds of sandstone. In some places, particularly near . • C

the northern border of the basin, the Brunswick formation is composed . ?^.i*-. ' * ^^
of sandstone and conglomerate. j" ~ •• j£

•"' •£

Origin of the sediments "' ... • •'&. 5|
! '•' ' •* «f "t "V ££?

The origin of the TriaSsic basin in Pennsylvania and New Jersey . •'*''"• <̂ ~l"g-'
has been attributed variously to downfaulting. downwarping, and ~ *•'•*»! fc

)age occupy erosion. McLaughlin (1957, p. 1491) attributed the origin of the ; . ..̂ ••:I- '%.'
from Nova basin to deep erosion of the least resistant beds in the Paleozoic " *r
ne iNewarK rocks while crystalline highlands remained to the south and an escarp-
erate. sand- ment of Silurian quartzite developed to the north.
e deposited
•ossbedding. The first sediments deposited in the basin were derived from the
sedimentary erosion of igneous and metamorphic rocks in the highlands to the
by diabase south. These sediments, which constitute the Stockton formation, were

deposited as coalescing alluvial fans upon a piedmont slope from the
, _ . highlands.,-ith Triassic

3te Triassic During the accumulation of the alluvial fans along the south
oup overlie side of the basin. lakes and swamps occupied the center of the basin.
the folding The Lockatong formation was deposited in these lakes and swamps.

icir age lies
< group un- Under the load of sediments in the basin, downfaulting along the

northern border resulted in the deposition of sediments derived from
the north (McLaughlin. 1945). These sediments form the Brunswick

. the largest . formation.
:hat extends
to Virginia. According to Krynine (1950), the climate of the Triassic was |
re River and warm and humid, and the rainfall had a seasonal distribution. During f
faults along heavy floods, much slightly weathered material was eroded from the {..
ic sediments canyon walls and deposited on the alluvial fans as arkosic sand. During t
.ai faults do w«k floods, red soil was eroded from the gentler slopes of the inter- >;,
icre Triassic fluves and deposited on the alluvial fans. The result was an alternation jr
Precambrian °f arkosic sandstone and red shale that is typical of most of the

Stockton formation.
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GROUND WATER — STOCKTON FORMATION

Conglomerate and coarse arkosic sand were deposited nearest
the source of the sediments. Decreases in stream gradients, farther
away from the source, caused a diminishing of ihe transporting power
of the streams and resulted in the deposition of fine material. As the
regional relief was diminished, decrease in erosive activity in the high-
lands caused chemical decay to be more effective and the red muds
that formed the thick red shales in the upper part of the Stockton
formation were deposited. Red muds deposited in the reducing en-
vironment of lakes ad swamps were changed in color to gray and black:
such deposits are typical of the Lockatong formation.

STOCKTON FORMATION

General features
lirh

The Stockton formation, in its type locality near Stockton. N.J.,
was described by Kummel (1897. p. 35-36) as interbedded coarse
arkosic conglomerate: yellow, micaceous, feldspathic sandstone; quart-
zite conglomerate: brown-red sandstone: and soft red shale.

During this investigation, the Stockton was mapped in detail in
an area extending from the Bucks County-Montgomery County line ? sic.-
westward to Phoenixville. (See Plate 2.) This detailed mapping ^ the
forms the basis for most of the geologic discussion that follows. ' *• ^e

f of c
Lithology. The Stockton formation is composed chiefly of very

fine to coarse-grained arkosic sandstone and arkosic conglomerates.
interbedded red shale, and siltstone. Coarse erkosic sandstone and
arkosic conglomerate are predominant in the lower beds; fine- and
medium-grained arkosic sandstone is predominant in the middle beds;
and red shale, siltstone. and very fine-grained arkosic sandstone are

j predominant in the upper beds. Locally, sediments of different texture
/ are interbedded irregularly, and coarse-grained rocks commonly over-
j lie fine-grained rocks. In addition, beds commonly pinch out or grade
] laterally into other beds of different texture and color.

! The terms arkosic sandstone, arkose. and subarkose in this report
follow the classification of Pettijohn (1957. p. 291) and will be used
as follows: arkosic sandstone is the group name for sandstone contain-

• ing feldspar and is subdivided into arkose. which contains 25 percent
or more feldspar, and subarkose, which contains less than 25 percent

* feldspar.
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... . Exposures and surface expressions. The Stockton formation has•e deposited nearest r . . r , . . . ,f h 'ew 9ood exposures, as most or the formation is covered by soil, vegeta-
^ ®ra ie ' tion. and city and suburban developments. The best exposures are in
e transporting power ^ |ower b(jds whefe quarrjes and raiiroad cuts espose several ex-
;ne material. As the eellent sections. The middle and upper beds are poorly exposed excect
activity in the high- north o[ Valley Forge - along the Schuylkill River and along the

•» and the red muds railroad cut west of the river.
•:art of the Stockton
:n the reducing en- Ridges and valleys are commonly parallel to the strike of the beds.
or to grav and black: ln *k« southern part of the Stockton outcrop area, beds of coarse
, arkosic sandstone and conglomerate form conspicuous ridges. Very

hard shale and argillite in the upper beds and in the overlying Lock-
atong formation form a prominent ridge along the northern boundary
of the Stockton formation. Valleys are commonly underlain by shale.
However, the complex stratigraphy of the formation and the scarcity of
outcrops obscures the precise relations between topography and
lithology.

• near Stockton, N.J..
i in-e-bedced coarse Thickness. Estimates of the thickness of the Stockton formation
•-•c e^nas-^ne' quart- differ widely depending upon the method used to determine the th:ck-
'' - d -' 'e ness. McLaughlin (1977. p. H°2) staced that the thickness cal-

culated from the width of outcrop and average dip of the formation is
: ma?ced ;n de:a:l m nearly correct and- that the repetition of beds by strike faults is in-
rr.gcrr.e.v County line significant. He est:mated that the formation is 5.000 feet thick in
"his detailed mapping tne Delaware Valley. In the area mapped during this investigation.
,n ,j..t _oilows l^e thickness of the Stockton formation has been estimated from width

of outcrop and from average dip of the strata. The formation thins
:. rosed chiefly of very westward from a thickness of more than 6.000 feet near the Mont-
.•.rkos.c conglomerates. gomcry County-Bucks County line to 2.300 feet at Phoenixville. Near
:.rkos:c sandstone and Norristown. the formation is 4.0CO feet thick. The total thickness
vwc- teds; fine- and °^ tne formation, however, is not present in the subsurface at anv one
—it in the middle beds: location because the upper beds do not completely cover the lower
'arkosic sandstone are beds' and the lower beds become thinner to the north.
::its of different texture
rocks commonly over- Stratigraphy

371 v | The Stocktcn formation has been subdivided into three members as
nd co or. follows: (1) the lower arkose member, which is characterized by the
subarkose in this report abundance of coarse-grained arkcsic sandstone and arkosic conglom-
"•91) and w.11 be used «ate: (2) the middle arkose member, which is characterized bv the

* for sandstone contain- abundance of fine-and medium-grained arkosic sandstone, and (3)
K n*a'ns ?5 percent l^c uPPer shale member, which is characterized by the predominance

l ^ h ^5 e'cent °^ ŝ a'e and siltstone. Table 1 indicates the distribution of rock types
w'thin each member, as determined from sample logs and sections
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i \
measured in the field. The three members are readily traceable from j
the Montgomery County-Bucks County line to Phoenixville and are ;
shown on the geologic map. (Plate 2).

Table 1. Distribution of rock types within the Stockton formation.

Member

Upper shale
Middle arkose
Lower arkose

Percentage
shale

76
42
24

Percentage
fine-and medium-grained

arkosic sandstone

24
54
17

Percentage
coarse-grained

arkosic sandstone
and conglomerate

0
4
59

LOWER ARKOSE MEMBER

Definition. The lower arkose member of the Stockton formation
consists principally of medium to coarse-, coarse-, and very coarse-
grained arkosic sandstone and arkosic conglomerate of gray, reddish-
brown, and pale-orange color. It contains lesser armounts of inter-
bedded silty and sandy red shale. Fine- and medium-grained arkosic
sandstone are common but less abundant than the coarser grained
sediments.

Relation to underlying and overlying material. The lower arkose ; •
member unconformably overlies Precambrian and Paleozoic rocks. ! •
Throughout most of its extent the member overlies Chickies quartzite < :
of Cambrian age and limestone of Cambrian and Ordovician age. " £
However, in the extreme southeastern part of the area the member • r
overlies Precambrian gneiss and gabbro. v' i f _•

_ ».
The lower arkose member is overlain on the north by the middle rj

arkose member. The contact between the two is transitional upward ~ ~
from coarse arkosic sandstone to fine-grained and medium-grained '"- '̂
arkosic sandstone. East of Norristown. interfingering of these two ' sj
texrural types is common, the finer grained arkosic sandstones becoming * _
more abundant upward in the section. West of Norristown. inter-
fingering is less, and the transition from the lower member to the middle '•'• |
member is characterized by a gradual decrease in grain size. .»

*,

Thickness. The lower arkose member reaches a maximum thick- •$'
ness of 2.700 feet immediately east of Ambler and constitutes 50 percent ••.
of the formation. Thinning eastward, the member is 1.500 feet thick
near the Bucks County line and constitutes 20 percent of the formation.
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GEOLOGY 11

It thins westward from Ambler so that at Phoenixville it is 550 feet
thick and makes up 23 percent of the formation. The member appears
to take the form of an alluvial fan with the apex southeast of Ambler.

Area east of Ambler. East of Ambler, the member consists mainly
of coarse-grained arkosic sandstone and lesser amounts of interbedded
fine- and medium-grained arkosic sandstone and red shale. Fine- and
medium-grained arkosic sandstone beds are especially numerous in
the. upper part. (See Plate 3, cross sections C-C and D-D'.) The
coarse arkosic sandstone beds in the upper part of the member pinch
out eastward or grade laterally eastward into fine- and medium-grained
arkosic sandstone. Conglomerate, which is abundant south of Ambler.
diminishes rapidly in quantity eastward From Ambler.

Sample logs from five wells (Mg-2S5. Mg-465, Mg-499. Mg-500.
and Mg-532) in this area are given in Table 7.

Area from Amblsr to Norristotvn. South and north of Ambler.
the lower arkose member is essentially coarse- and very coarse-grained
arkosic sandstone that contains considerable conglomerate. A few
miles west of Ambler, the coarse arkosic sandstone in the upper p. 't
pinches out, the conglomerate becomes much less abundant, and the
member contains a large proportion of fine- and medium-grained
arkosic sandstone. Farther west, near Norristown, the member consists
chiefly of coarse- and very coarse-grained arkosic sandstone.

Shale lenses are numerous in some parts of the area, as shown by
the following geologic section.

Geologic section of the lower arkose member north
of Main Street in Norristoivn

Thickness
Top of exposure (feet)

Shale, red ................................................................................ 2
Arkose. coarse- to very coarse-grained .................................... 3
Shale, red .................................................................................... 4
Arkose. medium-grained ............................................................ 3
Shale, red .................................................................................... 2
Arkose. coarse-grained .............................................................. 6
Shale, red .................................................................................... 5
Arkose, medium-grained ............................................................ 2
Shale, red ................................................................... ................ 1
Arkose. coarse-grained ............................................................. I
Shale, red ............. ... ....................................................... I
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12 GROUND WATER — STOCKTON FORMATION

Geologic section of the lower arkose member north
of Main Street in Norristown—continued

Thickness
(feet)

Arkose. medium-grained ............................................................ 4 -r-0n c
Shale red ...................................................................................... 5
Arkose. coarse- to very coarse-grained .................................... 2 -̂
Shale, red .................................................................................... 7 ?
Arkose. medium- to coarse-grained .......................................... 3 n̂a
Arkose, coarse-to very coarse-grained ................................... 9 "̂'
Shale, red .................................................................................... 8 £
Arkose. coarse- to very coarse-grained .................................... 7
Shale, red .................................................................................... 3
Fault ............................................................................................ ....
Arkose, medium- to coarse-grained .......................................... 6
Shale, red .................................................................................... 10 ,
Arkose. coarse-grained .......................... .................................. 4 • t
Shale, red .................................................................................... 6
Arkose. coarse- to very coarse-grained ................................ ... 4

Bottom of exposure

A forty-foot section of the upper part of the member is exposed '; .
in a quarry cast of Nornstown: the section consists of pale orange Q ..
and brownish gray coarse- to very coarss-grained arkose and a'kosic ' -..
conglomerate that contains .T.inor amounts of medium- to coarse-grained "t.
arkose and a few thin clay lenses. ' ^.

Sample logs from two wells in this area (Mg-290 and Mg-533) • Sa-
are given in Table 7.

Area from Norristown to Phoenixville. The lower arkose mem- .<
ber. in the area from Norristown to Phoenixville. consists chieflv of ' Lov. c
coarse-and very coarse-grained arkosic sandstone and some conglom- ,
crate. Shale and beds of fine- and medium-grained arkosic sandstone ,."*
are present but are not as abundant as in areas to the east. Differently \"_
textured arkoses interfinger near the top. but the transition from the ,"
lower arkose member to the overlying member is sharper here than in .. -_'
areas to the east. (See Plate 3, cross section A-A'.) South of Port
Indian (2 miles west of Norristown). faulting has displaced the con- f ^/
tact by a half a mile. (See Plate 3.) } V

Bedrock is well exposed in several places in this area. The bed- J Sa
rock is described in the following stratigraphic sections. k A:
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arkose member north Geologic section of the lower arkose member in Philadelphia and
•own-continued Wes.ern Railroad cut west of Bridgeport

(1 mile southwest of Norristown)

(feet) Thickness
. 4 -r.op Q£ exposure (feet)

2 Arkose, pale-orange to red. coarse- and very coarse-
7 grained, conglomeratic in places .......................................... 56
3 Shale, red .„._„..................................—.........................—....-... 14
q Arkose. pale-orange to red. coarse- and very coarse-
a grained, conglomeratic in places ............................................ 10

7 Bottom of exposure
3

6 Geologic section along the west side of the Schuylkill
.................................... 10 River north of Valley Forge
.................................. 4

6 Thickness
..................................... 4 Middle arkose member: (feet)

Sandstone, arkosic. red, fine-grained ....................................Unknown
Arkose. pale reddish-brown, coarse-grained .......................... 30

,- of the member is exposed Arkose_ ^ reddish.brown. fine-grained .............................. 22
::,on consists of pale orange Sandstone, arkosic. red. fine-grained ........................................ 6
=-gr3!ned arkose and arkosic Sandstone, arkosic. red. very- fine-grained .............................. 8
of medium- to coarse-grained Arkose red and reddish.brown. medium-grained .................. 65

Arkose. pale reddish-brown, coarse-grained .......................... 2
area (Mg-290 and Mg-533) Sandstone, arkosic. red. fine-grained .................................... 13

Arkose. pale redd.'sh-brown. coarse-grained ............................ 2
Sandstone, arkosic. red. fine-grained .............. .....—.._.— — — . 4

.'e. The lower arkose mem-
•enixville. consists chiefly of Lower arkose member:
mdstone and some conglom- , , , . , •>
:m-grained arkosic sandstone f^' Pale reddish-brown, medium- to coarse-grained ...... 2-
«eas to the east. Differently **os*' Pale «ddish-brown. coarse-grained ................ 4
but the transition from the ***"' ̂  reddish-brown, medium-grained ........................ 2

mber is sharper here than in °̂«- red and P^-brow^ coarse-grained .......................... OS
ction A-A'.) South of Port ?̂ °se- 9râ - coarse-grained ................................................ 120

' ---------------- 7:lt.ng has displaced the con- Shale, red: coarse-grained arkose ............................................
Arkose. gray, coarse-grained ......................................... -..-——- '

aces in this area. The bed- Sandstone, arkosic, greenish-gray, fine-grained .................... 5
raphic sections. Arkose. gray, coarse-grained" ......................................—...—-— 15
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14 GROUND WATER — STOCKTON FORMATION

Geologic section along the west side of the Schuylkill
River north of Valley Forge—continued _^_

Thickness . tn:S
Lower arkose member—continued: (feet)
Arkose. gray, coarse- to very coarse-grained ........................ 18 o: tr
Arkose. gray, coarse-grained .................................................... 13 h-.ckt
Arkose, gray, medium- to coarse-grained ............._............... 10 than
Arkose. pale reddish-brown, coarse- to very a"'-:°

coarse-grained ........................................................................ 65 o.:-
Arkose. red and pale-brown, coarse-grained .......................... 40 ?r;;!r
Arkose. coarse-grained .............................................................. 20 (̂ cc
Shale, red, and covered interval ................................................ 52
Arkose. gray, coarse- to very coarse-grained, £.2:1
conglomeratic .......................................................................... 45

MIDDLE ARKOSE MEMBER • scnv. is v.
Definition. The middle arkose member consists chiefly of beds of fi".e-

fine- and medium-grained arkosic sandstone and interbedded red shale. s-.nd
The arkosic sandstone is usually pale brown to pale red, gray, and s;::;c
pale orange. In many places, shale is more abundant. than arkosic ,
sandstone. A few thick masses of coarse-grained arkosic sandstone r;_ ;
of small lateral extent grade into medium-grained arkosic sandstone. \\.lic
Thick beds of shale and siltstone are especially abundant in the upper j.^ _
part of the member. fc^ov

Thickness. The middle arkose member attains its maximum thick-
ness of 4.200 feet near the Bucks County line, where it constitutes 70 Ccs.'c
per cent of the Stockton formation. It thins westward to 1.500 feet ,
at Wissahickon Creek, where it makes up 35 percent of the formation.
It thickens westward from Wissahickon Creek and attains a thickness '. —
of 2.500 feet near Washington Square (2 miles northeast of Norris- ^
town). where it constitutes 50 per cent of the formation. Westward from £*"
Washington Square, the member thins (as does the entire Stockton ^"'
formation), but it forms a progressively greater part of the formation. ' "
At Phoenixville it is 1.700 feet thick and constitutes about 75 percent of ~n"
the formation. • "_'r

w«r
Area east of the Wissahickon Creek. In the area east of Wissahickon .- A:i

Creek, the stratigraphy of the middle member is complex. Shale is
abundant, particularly in the upper part, and in places is predominant
over fine- and medium-grained arkosic sandstone. Inter finger ing of
coarse- and medium-grained arkosic beds in the lower part of the mem-
ber is common. Thick beds of coarse-grained arkosic sandstone are
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FORMATION GEOLOGY 15

.• of the Schuylkill present also in the middle of the member. (See Plate 2.) Table 7
— continued contains sample logs of wells Mg-216. 219, 275. 276. 489. and 490 in

Thickness this area'
(feet) Area from Wissahickon Creek to Jeff ersonville. The stratigraphy

-,ed jg of the middle arkose member is less complex in the area from Wissa-
jj hickon Creek west to Jeffersonville (1 mile northwest of Norristown)
jg than it is east of Wissahickon Creek. Fine-' and medium-grained

.v arkosic sandstone is predominant through most of the area. Shale
gg occurs as lenses and thin beds throughout the member, and coarse-

ed _JQ grained arkosic sandstone occurs chiefly in the lower part of the unit.
........... .......ZZ.Z! 20 (See Plate 3. section B-B'.)
................................ 52 Sample logs from two wells in this area, Mg-230 and 270. (see
:-.ed. Plate 1.) are given in Table 7.

Area from Jeffersonville to Phoenixville. In the area from Jeffer-
sonville to Phoenixville, the stratigraphy of the midde arkose member
is very similar -to that of the area to the east, the member consisting of

• consists chiefly of beds of fine- and medium-grained arkosic sandstone, red shale, very fine red
:nd interbedded red shale. sandstone, and few beds of coarse-grained arkose. (See Plate 3.
vn .0 pale red. gray, and section A- A'.)
-re abundant than arkosic Geologic sections were measured at several extensive outcrops in
•cra.ned arkosic sandstone • t__is area The. geologic section along the Schuylkill River, north of
:ra:ned arkosic sandstone. Valley Forge, which contains both the middle and lower members.
ally abundant in the upper has been described in the discussion of the lower arkose member. The

following geologic sections shew the character of the middle arkose
member in the area from Jeffersonville to Phoenixville.

• attains its maximum thick-
r.e. where it constitutes 70 Geologic section of middle arkose member in the Reading Railroad cut
r.s westward to 1.500 feet nort/, e[ Ptrkiomen Junction (1 mile north of Valley Forge)
5 oercent of the formation. _, ,,' , , ... Thickness•:ek and attains a thickness ... . .

., , r M • *°P °* exposure (feet)miles nortneast of Morns-
formation. Westward from Arkose, pale-orange, fine-grained ........................................ 25
s does the entire Stockton ĥale. red- and covered interval .......................................... 120
:ater part of the formation. ?"1'* reddish-brown- fine-grained ........................................ 5
istitutes about 75 percent of ae. red ••--.-..-..-.-.-.-----»-----—----—--- 25

Arkose. red and reddish-gray, fine-grained ............................ 16
Sandstone, arkosic. dark-gray, fine-grained .......................... 5

he area east of Wissahickon Arkose. reddish-brown, fine-grained ...................................... 6
r.ber is complex. Shale is Sandstone, arkosic. red. very fine- to fine-grained ................ 1 1
id m places is predominant Arkose. grayish-orange, fine-grained ...................................... 10
r.dstone. Inter, ingering of Arkose, pale-orange, medium-grained .................................... 13
the lower part of the meso- Arkose. pale-orange and light-gray.medium- to
ined arkosic sandstone are coarse-grained ........................................................................ 2
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16 GROUND WATER — STOCKTON FORMATION

Geologic section of middle arkose member in the Reading Railroad cut . QC
north of Perkiomen Junctionfl mile north of Valley Forge)—continued '_•

Arkose, gray, fine-grained ......................._..„.__.....———— 10 ' Arkc
Sandstone, arkosic. red. fine-grained ..................._................ 1 ,- Srak
Sandstone, arkosic. red and blackish-red, very fine-grained.... 10 .... Arkc
Arkose. brownish-gray, fine-grained ........................................ 16 _* S-.•>!•
Sandstone, arkosic, red. very fine to fine-grained .................. 7 ^ Arkc
Sandstone, arkosic. red, very fine-grained ................................ 38 ^ S-.al
Arkose, pale-orange, fine- to medium-grained ........................ 15 * S .ru

Bottom of exposure * f'T'K(

Geologic section in Phoenixville. along the west side of Schuylkill » _•_,
River, north of French Creek £ t..% ..

Thickness ~ whi;h
Lockatong formation: (feet)

Shale and argillite, gray and black ............................................ 300
Covered interval ...............................................___..._........ 75

c , _ £ consisStockton formation:
Upper shale member:

Argillite, red and gray .......................................................... 10 "-
Shale, reddish-gray, fissile .................................................... 1 '*
Argillite. reddish-gray .......................................................... 2 * s.-.ais
Shale, grayish-red, fissile ...................................................... 3 •».
Argillite. red .......................................................................... 9 * J
Shale, red and black, fissile ......................._............—....-..... 3 -: vC^>'

-j rules
Middle arkose member: ' •> of th'
Arkose, orange, very fine- to fine-grained .......................... 6 __. fee: (
Arkose. orange, fine-grained ................................................ 5 £
Arkose. orange, very fine-grained ...................................... 35 -| lab'

i.
Geotê ic section in the Pennsylvania Railroad cut. north of ' î""

French Creek, in Phoenixville »
Thickness *

Upper shale member: (feet) *9 and i
Shale, red ................................................................................ 40 I lmv..
Sandstone, arkosic. red. very fine-grained .............................. 16 I pla»»
Siltstone. red .............................................................................. 12 f

Middle arkose member: i
Arkose. orange, very fine- to fine-grained .............................. 23 H
Arkose, orange, very fine- to fine-grained ........................ 13 .;

*

i
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FORMATION GEOLOGY 17

i the Reading Railroad cut Geologic section in the Pennsylvania Railroad cut, north of
Valley Forge) —continued French Creek, in Phoenixville—continued

............................. 10 Arkose. orange, fine-grained .................................................... 10
1 Shale, red ...............-...........—...._.._......_................................... 35

ery fine-grained.... 10 Arkose. gray, fine-grained, and covered interval .................. 75
.............................. 16 Shale, red ..................................——..........——.......................... 40
jrained .................. 7 Arkose, orange, fine-grained .................................................... 40

30 Shale, red, fissile —........—......~...—......._..-..._..........™.-........_... 22
led 15 Sandstone, arkosic. red, very fine-grained .............................. 67

Arkose. orange, fine- to medium-grained ................................ 27
Relation to overlying material. The middle arkose member is

west side of Schuylkill overlain by the upper shale member. In general the contact between
Creek tj_e two men_bers is not sharp, and is defined as the horizon above

Thickness which shale is predominant.

UPPER SHALE MEMBER
.............................. 300
............................. 75 Definition. The upper shale member of the Stockton formation

consists chiefly of red shale, siltstone, and very fine-grained arkosic
sandstone. Beds of fine-grained arkosic sandstone are present through-
out the member, but they are most abundant in the lower part. In the

............................ 10 upper part, much of the shale is hard and is considered to be argillite.

............................ 1 Although most-of the shale and argillite are red. a few beds of gray

............................ 2 shale and argillite are present.

9 Thickness. The upper shale member is 1.000 feet thick (20 per-
3 cent of the formation) near Prospectville. From Prospectville (3l/2

miles northwest of Horsham) it thins eastward to 600 feet (10 percent
of the formation) at the Bucks County line and thins westward to 60

1 .......................... 6 feet (3 percent of the formation) at Phoenixville.
4̂rea easf of Springhouse. From Springhouse (2 miles north of

Ambler) east to the Bucks County line, the upper shale member con-
'•Iroad cut north of tains *ew kê  °̂  arfc°«c sandstone. (See Plate 3, section C-C and
' ' D-D>->

Thickness Area from Springhouse to Perkiomen Creek. From Springhouse
(feet) w*st to Perkiomen Creek (3l/$ miles east of Phoenixville) beds of fine-
.Q • •°d medium -grained arkosic sandstone are abundant only near Frank-

linvilJe and Gwynedd Valley (2J/£ miles northwest of Ambler). (See
................. ^ Piate 3 Kzlion B_B) WelJ Mg-300 at Gwynedd Valley penetrated

^ tj_e Lod̂ Qrig formation. 60 feet of shale, and in the Stockton forma-
tion. 360 feet of shale. 115 feet of arkosic sandstone. 10 feet of silt-

................. 23 «one, and 5 feet of limestone. (See Table 7 for complete log of this

................. 13
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p Relation to overlying material. The upper shale member is over-
lain on the north by the Lockatong formation, which consists of gray
fissile shale and black and red argillite. The red argillite in the upper
part of the upper shale member is similar to the red argillite of the
Lockatong formation. Interbedded arkosic sandstone in the Stockton
formation distinguishes this formation from the Lockatong formation.
Where the upper shale member does not appear to contain arkosic
beds, the base of the lowermost black argillite bed is considered to be
the contact between the two formations.

The authors consider the upper shale member to be a transition
zone between typical Stockton sediments and typical Lockatong sedi-
ments.

Petrography

Some sandstones of .he Stockton formation contain as much as
50 percent feldspar. Although in field examination some sandstones
appear to contain no feldspar, microscopic examination of thin sections
of 12 samples (10 sandstone. 2 shale) taken at various stratigraphic
levels show that feldspar constitutes 23 percent or more of each sand-
stone sample.

The mineral composition of the 12 thin sections is given in Table 2.
The feldspar content of the 10 sandstone samples ranged from 23 to
44 percent, but much of the feldspar has weathered to sericite and clay.
Untwinned plagioclase was present, and. consequently, it was difficult
to evaluate plagioclase-potash feldspar proportions. Twinned plagioclase
(albite and oligoclase) constitute 2.6 percent of the 10 sandstone thin
sections. Mica constituted approximately 2 percent of the 10 sandstone
samples, and opaque iron oxide minerals, commonly hematite and limon-
itc. constituted approximately 2.5 percent of the samples. Small quan-
tities of heavy minerals—particularly zircon, tourmaline, and apatite—
were noted in all sandstone thin sections. Large quartz grains were
present in the coarse-grained arkose.

Thin sections of shale revealed approximately half hematite-stained
clay and half silt-sized particles of quartz and feldspar. It was not pos-
sible to determine the proportions of quartz and feldspar.

Area from Perkiomen Creek to Phoenixville. In the area from
Perkiomen Creek west to Phoenixville. the upper shale member con-
tains abundant fine-grained arkosic sandstone, and it is difficult to 'A ~~-
separate this member from the underlying middle arkose member. (See "'
Plate 3. section A-A'.)

r. t:
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ro Phoenixville. In the area from • sl'N'l;|lH--ii! -I.. . ,. . ~i •; w wi i *r i! Jit Ti i s *i — ~ g T r* [•••"*• " «i — • i? ̂  ^ i
\viJJc, the upper shale member con- ^ iT^jii w ^i? < I 2 °;2 ="i.:- ='!.:* ? —'

" : Z •- t/Ti t CJ ,rT! fasic sandstone, and it is difficult to
erlying middle arkose member. (See

. The upper shale member is over-
g formation, which consists of gray
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20 GROUND WATER — STOCKTON FORMATION

Six thin sections of sandstone from the lower beds of the Stockton _--.;:>:ones.
formation near Valley Forge were studied by R. C. Gerhard (1952). t -n fr0rr. *•
The feldspar content of these thin sections range from zero in quartz- ' s:,,._. The
ose sandstone to 32 percent in arkose. The average composition of b.-jj.na has
the six samples is given below: ». c.::-.̂ s:one.
Quart: Feldspar Rock fragments Accessory minerals Matrix Cement In the
58^ 18'/r 4T< 5r'o \\r''r 4rr . bcdc showir.

orjinate. I

. u:c

According to Gerhard (1952). the feldspar minerals, in order of
decreasing abundance, were orthoclase. microcline. albite, oligoclase. %
perthite. and microperthite. The rock fragments were schist and gneiss. \ S:ome
The thin sections contained muscovite. biotite. chlorite. seriate, kaolin- .• a"^ *"'""•
ite-illite. chlonte-sericite paste, authigenic quartz, calcite and accessory [ t.-.csc arc
heavy minerals. Matrixes were of three distinct types, as follows: (1) ' r ost c?-rr1'
hematite and kaohnite-tllite: (2) chlorite. sericite, and pulverized quartz ''• r----:sn -ro
grains; and (3) finely disseminate sericite. The cementing materials * s..r.cs.c.r.us
were authigenic quartz, authigenic feldspar and carbonates (chiefly »: s"n stone '
calcite). ' . '. Sramedark

^ GomTnantly
Results of the study of 52 thin sections of samples from near the base J grained art

of the Stockton formation were supplied by ]. D. Glaeser (1958). The : red. and '!
thin sections were made from samples taken from the area east o! Nor- ' ir.vanr.biv r
ristown. Glaeser identified end products "of feldspar alteration, and. c..rk-cra\ t
consequently, his study showed that the thin sections had a low feld- ££_i cc
spar content and a high sericite content. The feldspar content ranged 't c'-lor̂ '-or. •
from zero to 25.2 percent; the sericite content ranged from 1.0 to 50.6
percent; and the feldspar plus sericite content ranged from 9.5 to 50.6
percent. The average percentages of the various minerals in the 52
thin sections was as follows: p .

&£_S

Quartz Feldspar plus Muscovite Bionte Iron minerals Chert Rock County an(
sericite fragments .- Mantaome'

68.0 25.2 2.7 0.5 1.1 1.8 .4 ;. F.-.oenixv.li
Grain sizes in the Stockton formation range from clay particles '̂.̂  .̂

to cobbles 3 to 4 inches across. Most pebbles and cobbles are composed • ' ir tnc
of quartzite. but feldspar is common. One cobble of chlorite schist • a '-r~?e d;;
was noted. ) cjn: of :hc

The arkosic sandstones of the Stockton formation are generally '/• . ,li
„ . , , , , , j TI r- tre southc'well sorted, but the conglomeratic sandstones are poorly sorted. 1 he *: ^ c

sand grains are generally angular to subangular. The quartzite pebbles '; ^ J". ,_'
are generally well rounded, but the feldspar pebbles are angular. The j
shales of the formation contain abundant silt, and in many places they ^ .^orth
are probably siltstones. but near the base of the formation the shale is £ l--'n
very sandy. The siltstones grade locally into very fine-grained red * - '

9
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. lower beds of the Stockton sandstones. The coarse clastic sediments range in degree of mdura-
by R. C. Gerhard (1952). tion from weakly cemented sand to hard, well-cemented arkosic sand-

: range from zero m quartz- stone. The arkosic sandstone is commonly cross-bedded, but graded
The average composition of bedding has been observed in a few exposures of fine-grained arkosic

sandstone.
•••• minerals Matrix Cement In the Stockton formation, shale occurs predominantly in thick
^r-f jj^ ^rj beds showing no fissility. Beds of fissile shale occur, but they are sub-

ordinate. In the upper part of the formation, much of the shale is
:-.spar minerals, in order of cxtremely hard and may be considered to be an argillite.
::icroc!ine. albite. oliooclase.
-•PTirc «/«..-,>. crh.^r XT,A -,„.>« Sediments of the Stockton formation occur in a variety of colors.tii -,H \AI c» c .TtJiioi eino u neiss.
..., -UU........ ,....,,.., !,,,-!,„ and hues. Gray, orange, red. brown, and shades and combinations of-•-c. w*iiwtne. 5cnt.iit.,. Kso.in- _,
•uart- calcite and accessory these are most common. The coarse-grained arkosic sandstones are
.. , e , ,. .*"_ ,. , most commonly light gray and pale orange but may be pale brown and
, ' j i , reddish brown. The predominant colors of the medium-grained arkosic.-•.cite, a n a puiverirea Quartz . . . , 1 1 1 1 1TI_ • i sandstones are pale orange, pale brown, and pale reddish brown; gravi he cementing materials • t ij „ L , , , r, sandstone is present, but it is not as prominent as it is m the coarse-_.r and carbonates (cnierlv r . .

grained arkosic sandstone. The fine-grained arkosic sandstone is pre-
dominantly pale brown to pale red. and pale orange. The very fine-

-f samples from near the base grained arkosic sandstone is usuallv pale red to pale brown, grayish
'. D Glaeser (195S). The red. and (less commonlvl pale orange. Shale and siltstone is almost

-. rrorn ;he area ea«t of Nor- invariablv red or_grayish red. but there are a few reddish-gray and
of feldspar al:er_.:ior.. and. dark-gray beds of shale.

hin sections had a low feld- Red coioration is due to hematite staining, but much of the oranqe
rne teiospar content ranged coloration is caused by orange-pink feldspar. Gray arkosic sandstone.
rent ranged from 1.0 to 30.6 on the other hand con:ams wh|te partly decomposed Feldspar.
:nt ranged from 9.5 to 50.6
various rr.mprals in :he 52 Structure

Beds in the Stockton formation dip to the northwest in Bucks
•cr. rr.mt.T3N Chert Rock County and eastern Montgomery County and to the north in western

frc^mmts Montgomery County and in Chester County. South and west of
1-1 1-S '"* Phoenixville. the beds are tilted to the northeast. Dips of the beds

n range from clay particles range from 5; to 25' in southeastern Pennsylvania and from 5' to
.es and cobbles are composed I8' in £ke area mapped in detail for this report. (See Plate 2.) The
'r.e cobble of chlorite schist average dip. as computed from 73 measurements, is 12 . and 50 per-

cent of the dips measured aie between 10 and 14*.
ten formation are generallv Faults are «»™on in th* Stockton formation. A major fault forms
ncs are poorlv sorted The southern boundary of the northern belt m Bucks Counts. (Sec
inJar. The quartsste pebbles F'9 Ll Sma11 normal faults' havm9 d«pl«ements of * few fce- jre
.r pebbles are angular. The Vlsible at manv outcr°PS-
;it. and in manv places they North of King of Prussia, the basal contact of the Stockton fonnn-
M the formation the shale is tlQn is displaced repeatedlv bv an intricate series of faults. (See Pinte
• into very fine-grained red 2.) The general trends of these faults are northeast-southwest and
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22 GROUND WATER — STOCKTON FORMATION

east-west: the upthrown sides are to the northwest and north respect- a-
ively. Offsets of individual faults are as much as 0.5 mle. The total
offset of the series is I mile. ac

West of Valley Forge and south of Phoenixville. along each of cr
several north-south and northeast-southwest trending faults the basal
contact is offset from less than 0.05 to about 0.15 mile. (See Plate 2.) ' -A:
In all but one of these faults, the upthrown side is to the west, which c '
displaces the contact northward on the west side of the faults. 5

Northwest of Oaks a northeast-trending fault has caused an off-
set of 0.25 mile in the contact between the Stockton and Lockatong
formations. (See Plate 2.)

l:

The extent of major faulting is difficult to evaluate because of '•
the scarcity of outcrops and the complex lateral facies changes within t
the formation. However, continuity of the upper and lower contacts '•
of the Stockton formation through most of the mapped area indicates r:~
that major faulting has not taken place except as described above. F

Vertical joints are common in outcrops of the Stockton formation. •'.
The most frequently occurring set trends perpendicular to the strke of i s:-
the bedding. Two other sets occur frequently: one is parallel or nearly :
parallel to the strike of the bedding, and the other trends northwest-
ward at an angle of approximately 50-' to the strike.

Diabase dikes intrude the Stockton in several places. Two dikes * jt_
arc present in the northern belt in Bucks County, and. in the eastern f
part of the area mapped for this report, one prominent dike extends I-
from Camp Hill northeastward to near Warrmgton. (See Plate 2.) T ^
At the base of the formation, this d;ke is 90 feet thick, strikes X30 E.
and dips 80CNW. Several dikes are present in Chester County, v. cst f
of the area mapped for this report. • , '

HYDROLOGY | t-
? r

The zone in which all the interconnected openings or voids in the J
rocks of the earth's crust are filled with water under pressure greater ' £-.
than atmospheric is called the rone of saturation. Precipitation is the .; .
source of ground water in southeastern Pennsylvania. Although most .; :..
of the water that reaches the land surface from the atmosphere either ,-_ .
runs off as overland flow or is returned to the atmosphere by evapora- *
tion and transpiration, some infiltrates downward through the soil to f
the zone of saturation, where it becomes recharge to the main ground- ^
water body. Upon reaching the rone of saturation, it begins to move
downward and laterally toward lower elevations, and eventually i: may » ~":
return to the surface either naturally (through seeps and springs) or i "••
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• northwest and north, respect- artific.allv (through wells). Under natural conditions and over long
;s much as 0.5 mile. The total periods of time, the amount of water that leaves the zone of saturation

as discharge is balanced by the amount of water that enters it as re-.

-f Phoenixville. along each of charge.
-vest trending faults the basal Ground water may be roughly divided into two classes: (1) that
-out 0.15 mile. (See Plate 2.) which occurs in the shallow formations, mostly under nonartesian con-
•vn side is to the west, which ditions and (2) that which occurs in the deeper formations under arte-
•••est side of the faults. sian conditions. N'onartesian conditions are those in which ground.

water is unconfmed. so that its upper surface (the water table) is Free
-.aing fault has caused an off- w fjse and {all Artesian conditions are those in which the ground
-. the S.cckton ar.d Lockatong watej. is confined m a perrneable formation that is overlain by a relatively

impermeable formation, so that the upper surface of the confined wa:er
rficult to evaluate because of is not free to rise and fall, and the water is under sufficient pressure
. lateral faces changes within to rise above the top of the formation that contains it where that forma-
:he upper and lower contacts tion is penetrated by wells. The imaginary surface to which water will
of the mapped area indicates rise in tightly cased wells tapping the artesian aquifer is called the
cept as described abo-.e. piezometric surface.
-:.s of the Stockton formation ^n num'd â 35' such as southeastern Pennsylvania, the water table
se.-rcndicular to the <trke of stands at or near the land surface in vallevs and rises toward adjacent

..ritlv: ov.e is oaralld or nearly topographic highs, reaching a maximum height in the vicinitv of sur-
-.i the other trends northwest- face-drainage divides. The.slope of the water table is generally less
j the strike. £^an r̂ at °^ l^e lanc* surface: hence, the depth to the water table

below the land surface is usually greatest beneath topographic highs and
in several places. Two dikes ieast beneath topographic lows.

..s Countv. and. in the eastern _. . . ... , . . , a _ „, , , The water table does not remain m a fixed position but rluciuates:. one prominent dike extends . . , , . , . , , , _,1r . , c pi , ^ v >n response to additions to and withdrawals from the zone ot saturation.
»n r' ... i . v-^n c As the seasonal variation in precipitation in southeastern Pennsylvania.-: 90 teet .hick, strikes >oO'E, . ,, , , ,,. < ci t .L. .-., ,- is small, the dominant factor controlling the fluctuation of the water.•sent m Lhcster Countv. west ... , . „ . , , . . _.table m areas remote from pumped wells is the seasonal variation m the

rate of evaporation and transpiration. Thus, the water table generally
-.y declines throughout the warm growing season (April to October) and

rises throughout the remainder of the year.
-cted openings or voids m the Within the zone of saturation, the rocks of the earth's crust differ
. water under pressure greater gready in thcir capacity to store and transmit ground water. Rocks
saturation. Precipitation is the that are capab,e Q{ yieiding usable quantities Of ground water to wells
Pennsylvania. Although most are cailcd aquiferSi An aquifer may consist of aU or part of a geologic
-,ce from the atmosphere either formation or group of formations.
:o the atmosphere by evapora-
.iownward through the soil to Most ground water, like water in other phases of the hydrologic
: recharge to the main ground- cycle, is continually in motion. It flows by gravity from intake or
•f saturation, it begins to move recharge areas, where hydraulic potentials arc high, through permeable
cvatior.s. and eventually it may zones or aquifers to points of discharge, where hydraulic potentials
through seeps and springs) or are
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24 GROUND WATER — STOCKTON FORMATION

OCCURRENCE OF GROUND WATER IN THE STOCKTON FORMATION . tmr.s
Effect of lithology , f'** t

Few wells drilled into the Stockton formation penetrate only one type shale
of rock. The sequence of rocks penetrated consists generally of alternat- :r*ncs
ing beds of fine- and coarse-textured materials. Furthermore, the relative will '
proportions of fine- and coarse-tex.ured rocks change within rather uni-
form limits throughout the formation. For example, in the lower part
of the formation, wells usually pass through more arkosic sandstone
and conglomerate than shale and siltstone: whereas, in the upper part
of the formation, the reverse is true. These features, together w::h
the lateral changes in the lithology of the rocks, are responsible for
much of the variation in well yields from place to place.

The Stockton formation has been subdivided into three members.
as shown on the geologic map (Plate 2.) The relative capacities of , -c.:r:c
these three members to yield ground water is indicated in Table 3. which !, • sor:c
contains a summary of the yields and specific capacities of wells more > Tr a
than 100 feet deep. The specific capacity of a well is the yield in gallons *. •• -"
per minute per foot of drawdown and is generally a useful measure of • • ~~
the capacity of the rocks to yield water to wells.

Table 3.—.Arera^e specific capacities and average reported yields o/ "
wells more than 100 feet deep in the Stockton formation '. ..

Average specific capacity No. Average reported Nc, ' • " -^
Member (gpm/ft drawdown) of wells vieid igpm) of wells * ::'.:•>
Upper e".——————————J——————————————————— j. c .-..;

Middle -..8 :S 131 90 " :: "
Lower 3.1 6 106 23 £ '• •"
____^——___ u v,.̂

The highest yields and specific capacities reported are for wells £
tapping the middle arkose member. This member is characterized by fc
alternating beds of arkosic sandstone sr.d shale of nearly equal thick- *
ness and a lack or scarcity of conglomerate. The arkosic sandstones •* c-..;
are fairly well sorted and weakly cemented, which probably accounts - _
for the high yield of wells tapping this member.

Next in order of water-yielding capacity is the lower arkose mem- '.-.
ber of the Stockton formation. The lower member consists chiefly of *t
coarse-grained arkosic sandstone and conglomerate. The conglomerate
and coarse-grained arkosic sandstones \\hich make up about 60 per- '•
cent of the member, are. for the most part, poorly «or.cd and vvoaklv _
cemented. t«

The lowest yields and specific cnpncitic? have been reported for i
wells tapping the upper shale member. The upper shale mcrrbcr con- \

*

i
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=? IN THE STOCKTON FORMATION tains very few beds of arkosic sandstone: hence, most of the wells tap-
ping this member obtain water chiefly from fractures in beds of shale

lithology an^ s_jtstone. The few thin beds of arkosic sandstone in the upper
>n formation penetrate only one type shale member of the Stockton formation are among the most permeable
rated consists generally of alternat- rones in the formations, and wells that penetrate even one of them
materials. Furthermore, the relative will yield considerably more water than those that do not.
red rocks change within rather uni- y^e arkosic sandstones and conglomerates contain both primary
T. For example, in the lower part anj secondary openings through which ground water can circulate.
i through more arkosic sandstone Primary openings are most abundant in peds of well-sorted, loosely
•stone: whereas, in the upper part cemented materials and least abundant in materials that are well cem-
:. These features, together with ented or poorly sorted. Although the addition of cementing material
of the rocks, are responsible for tends to reduce the number of imergranular openings, it makes the rock
from place to place. hard and brittle and. thus, contributes to the development of second-
n subdivided :n:o three members. »ry openings by fracturing and jointing. Most of the beds of arko.sic
-e ' ) The relative capacities of sandstone and conglomerate in the Stockton formation are neither well
•are'r is indicated in Table 3. which sorted nor firmly cemented, and. as a result, their permeability is due
-I specific capacities of wells more to a combination of primary and secondary openings. The fine- and med-
c::v of a well :s the vieid in gallons lum-gramed arkosic sandstones are better sorted than coarse arkosic
_fis gcr.erai.yYuseful'measure of sandstone and arkosic conglomerate and. therefore, yield more water
-.te. .o wells. to wells.

In general the shales and siltstones are too fine grained to ccr.tam
j ana ar-r̂ v rcr.or.V-. yields of primary or- imergranular openings of sufficient size to permit easv
• ;n the Sieck-ron f^rrr.st.on____ circulation of ground water. Hence, these rocks are, relatively imperme-

N^TAw.-a.jc rcpo.-rcd No" able except where they are broken by joints and fractures. As a rule.
of wells v:e:.l ' gpm i of wells these secondary openings are most abundant where the shales and
——2———————-——————— siltstones are hard and brittle, but the volume of such openings, even

;s ]->i 90 >n the brittle materials, constitutes only a small fraction of the total
6 l •* 23 volume of the rock. Consequently, the shales and siltstones probably

———————————————————— have a small capability to store ana transmit ground water.
capacities reported are for wells
Th:s member :s characterised by Effect of structure
and shale of nearly equal thick- Becaus£ of the ̂ ^ homodina] dip of the rocks, the strati-

.:merate. The arkos.c sandstones graphic interval within economic reach of wells changes continuously
:r,en:ed. which probarly accounts aj0ng any traverse that crosscs thc outclop area of the formation. The
.s member. maximum change occurs perpendicular to the strike of :he formation
:r.pacity is the lower arkose mem- and :s proportional to the inclination of thc bedding. For example, at
iower member consists chiefly of an average dip of 11'._J the rate of increase in depth of a given bed
conglomerate. The conglomerate 'S approximately 1 foot for each 5 feet of horizontal distance. Th;s means
••=. which make up about 60 per- that an exposed bed is 1.000 feet deep 5.000 fee: downdi? iron the
: part, poorly sorted and weakly exposure. Obviouslv. then, wells drilled to .. deprh of 500 fe.t nnd

spaced 2.500 feet apar: along thc dip of thc formation will pe:ic:rate
•.nviic* have been -e~ored for txv° cnt:relV different sequences of beds. As a result, their yields v\iil
r'"' The upper"shale member con- btf tor-«pondinglv different.
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26 GROUND WATER — STOCKTON FORMATION

The hydrologic character of the Stockton formation is complicated . .
further by lateral changes in lithology. These changes are fairlv abrupt .T, .va
because the rocks were deposited on alluvial fans. For the most part. '• -ibil
the coarse-te.xtured rocks, which constitute the best water-bearing zones. k-nd v
were deposited in stream channels that radiated in a series of stringlike e .urat.-
appendages from the apex of each fan. The intervening areas were
filled contemporaneously with significantly finer grained materials.
Thus, the character of the formation changes erratically along the a::'.an..
Strike from the coarse materials deposited in stream channels to the p.rme-.
fme-textured materials deposited in the mterfluves. __

Such chaotic structure results in an intricate intermingling of
pervious and impervious materials. For this reason, the depth at which
water-bearing zones will be penetrated by a well and the quantity of '••'•
water that will be obtained is uncertain. This is true even where sev-
eral wells have been drilled m the same vicinity.

Significance of topography

The topography developed upon the Stockton formation provides
clues to the lithology and structure of the underlying rocks, and much
valuable information concerning the occurrence of ground water can
be obtained from a careful examination of topographic features. Elon-
gated nages and valleys that parallel or nearly parallel the strike of
the Stockton formation mark the exposure of alternating beds of coarse-
and finc-texttired sediments, respectively. Thc height and width of the
ridges are indicative of the lithology and thickness of the r:dge-formmg • - "
sediments. In general, the highest ridges are underlain by the coarsest j- __
sediments, and their width indicates :he thickness of the coarse-grained . ~ ".
sediments. Broad ridges arc diagnostic of a thick sequence of arkosic
sandstones and conglomerates, whereas narrow ridges imply thin beds
of arkosic sandstone or conglomerate mierbedded with thick beds of ?
shale and siltstone. \

The fact that ridges develop where beds of arkosic sandstone and jf"
conglomerate are exposed should not be taken as an indication that
wells on the ridges will have higher yields than those in the adjacent i °/ "~\"
valleys. The reverse is more often true, owing 10 the inclination of the A " '• j01'
rocks. Although the ridge-forming sediments are generally the most ? c=-~: v '•
permeable, thev do not necessarily extend to any great depth beneath jy
the ridge. This is illustrated in Figure 2. which shows two wells drilled "
to the seme depth. Well A is on a ridge and penetrates the permeable
bed at relatively shallow depths. Moreover, a considerable part of . sp ._• i
the permeable bed lies above the water table and is not completely 4 !:•;:•, ' .-
saturated. Well B. which is in a valley downdip from well A. pene- i. \v;is ;o
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'-:ton formation is complicated trates the fu]| thickness of the permeable bed in a position well below
-.ese changes are fairly abrupt . water table. Consequently, well A is not benefited by the fuil
:al fans. For the most part. aoabilitv of the bed to store and transmit ground water. On the other
the best water-bearing zones. . ̂  wju 5 is more favorably situated because it penetrates the full
;;ated in a series of stringlike saturated thickness of the water-bearing bed.
The intervening areas were Although this example is over simplified, it clearly indicates the

::.y finer grained materials. ,jvantaae of drilling wells in valleys rather than on ridges where the
-,anges erraticallv along the aavan «
d m stream channels to the P*rmeable beds CF°P °Ut'
.erfluves.
T intricate intermingling of
s reason. :he depth at which
a well and the quantity of

This is true even where sev-
cimty.

=:aphy

S'.ocktcn for—.a::cn provides
uncerK:r.g rocks, and much
::r.ce of grcur.d warer can
opogr?.ph:c ?e.~:ures. Elon-
r.eariy parallel the strike of
•f alternating beds of coarsc-
Thc heigh: and width of the
-..ckness of the ndge-forming
.re underlain by the coarsest ____________________
.kncss of the coarse-grained Figure 2. Diagrammatic section showing the relation between topography
a thiCK sequence of arxosic e ^"^ ̂  occurrence of penniable and imfwrmiiible beds.
rrow ridges imply thin beds
..beaded with thick beds of HYDRAULIC PROPERTIES OF THE STOCKTON FORMATION

Principles and definitions
;is of arkosic sandstone and . , , ., , »„__,.•..
,ken as an -indication that ' Various terms are used by hvdrologists to describe the properties
; than tho<e in the adjacent of a« ̂ "'f«- The terms used in this report are the terms defined m
••mg te the" inclination of the th' fo«°w«fl Paragraphs, so that the succeeding discussion can be more
cats are generally the most easiIV understood.
:o anv great depth beneath Porosity is the ratio of the volume of interstices in a rock to its
hich shows two wells drilled total volume and is usually expressed as a percentage. As thus defir.ed.
::d penetrates the permeable porosity includes both primary openings (such as intergranular pore
vcr. a considerable part of space) formed contemporaneously with the rock and secondary open-
:abie and is not completely ings (such as joints) formed by processes that modified the rock after it
iowndip from well A. pene- was formed.

200393



28 GROUND WATER — STOCKTON FORMATION

The specific yield of a rock is defined as the amount of water the
rock will yield to gravitational forces and is expressed as a percentage
of thc total volume of the rock.

The capacity of an aquifer to transmit water under pressure is
known as permeability. The coefficient of permeability. P. is usually
expressed as the number of gallons of water per day that will pass
through I square foot of water-bearing material under a unit hydraulic
gradient at a water temperature of 60:F. At the prevailing temperature
of the water, the value is called the field coefficient of permability.

The coefficient of transmissibility of an aquifer is defined as the
quantity of water, in gallons per day, that will flow through a vertical
section of the aquifer 1 foot wide and extending the full height of the
aquifer under a unit hydraulic gradient at the prevailing temperature
of the water.

The coefficient of storage of an aquifer is the volume of water it
releases from or takes into storage per unit surface area of the aquifer
per unit change in the component of head normal to that surface. Under
water-table conditions, the water released from storage is obtained by
dewatermg a part of the aquifer. Howi..'er. under artesian conditions, f IL .
water is released from storag^ by compression of the aquifer skeleton in t
response to a decrease in head in the aquifer. Thus, the coefficient
of storage of an artesian aquifer is considerably smaller than that of a
water-table aquifer. The former generally ranges from 0.00001 to 0.001 j
and the latter from 0.05 to 0.30. The coefficients of transmissibihtv *
and storage can be calculated from the results of systematic pumping •
tests. '

Results of laboratory tests on rock samples ^
c

Laboratory tests for porosity, specific yield, and permeability were ?
made on 12 rock samples from the Stockton formation. The coeffi- i
cient of permeability was determined both perpendicular to and parallel >
to the plane of bedding. The results are given in Table •}.

Figure 3 shows the averages of the laboratory determinations for .-I
porosity and specific yield of each grain size plotted as a function of 3
mean size of the samples. Although the two graphs are similar in form.
the numerical values for porosity are consistently higher than those
for specific yield. This demonstrates that, although the relationship
between the porosity and specific yield of the samples is close, not all
of the pore space yields water under gravitational force.

As shown by graphs in Figure 3. both porosity and specific yield
increase as the grain size decreases through the range of rock textures
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30 GROUND WATER — STOCKTON FORMATION

from conglomerate to medium-grained sandstone. Th:s is attributed :
to the fact that the sediments constituting the Stockton for~.a_:on T
become better sorted as the grain size decreases. However, the porosity -•
and specihc yield decrease as the grain size decreases below the r3r,pe ^
of medium-grained sandstone. The decrease in porosity and specific j
yield of the finer grained sediments is attributed to the clogging of pore A
spaces by clay. {i

»

A.x\
1
|3OC
id' M
|»Zt

EXPLANATION
oicwea at ;n« ov_i-3?(
mjirs wimm ec:* ?'<
group

1

1
t *5'
jin

:

I-

Figure 3. Graph showing the relation of porosity and specific yield to grain 'T
sizf of rock samples from the Stockton formation. .;

Pumping tests 3.: —

When a well is pumped, water levels in the area are lowered. *£•'~
and a cone of depression is formed in the piezometric surface or the J^. _
water table. As pumping proceeds, the cone continues to deepen and .3.._
broaden until one of the following conditions is realized: (1) recharge .j
to the aquifer is increased in an amount equal to the pumping rate.
(2) natural discharge from the aquifer is decreased in an amount equal
to the pumping rate, or (3) the sum of the increased recharge and £ ;
decreased natural discharge is equal to the pumping rate. T.1.1'.

Line A-E on Figure 4 is a theoretical plot of drawdown against -7." ['
time in a well pumping from a homogeneous isotropic aquifer of infinite
mreal extent and uniform thickness. Other assumptions made in con- _
structing the theoretical curve are: (1) the discharge well has an >r--
infinitesimal diameter and completely penetrates the aquifer. (2) no
recharge occurs. (3) the water taken from storage in the aquifer is ......
discharged instantaneously with the decline in head, and (4) the co-
efficient of transmissibility is constant at all places and all times. A
plot of recovery against time would coincide with a plot of drawdown H-
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against time. Any deviation from the above assumptions will cause
a plotted curve 10 .differ from the theoretical curve. For example, line
A-B-F on Figure 4 is a drawdown curve whose slope decreases abruptly *
from that of the theoretical curve at point B. indicating that expansion '
of the cone of depression has induced recharge to the aquifer from
some outside source. Line A-C-D on Figure 6 is a drawdown curve
whose slope increases abruptly from that of the theoretical curve at ..
point C. indicating that the cone of depression has expanded to an
impermeable boundary — that is. a boundary formed by a formation
that yields less water than the major aquifer. An impermeable-boundary •. s
condition may appear, for example, when the cone of depression reaches _j
the end of the aquifer and lateral expansion of the cone is stopped or =
retarded. An impermeable-boundary condition also may indicate a i
marked decrease in the permeability of the aquifer caused by a change ?
in the hthoiogy of the aquifer at some distance from the well. •£

; £
Systematic pumping tests were made at the following five loca- £ v-

tions. to determine the hydraulic properties of the Stockton formation: is," .c
PhoenixvilJe, Norristown. Blue Bell. Doylestown. and Langhorne. The 5 c
locations of pumpmg-test sites are shown on Figure 5. Results of the ' _;.
tests are given in Table 5. • 1

Two pumping tests were made in Phoenixville. In September 1957. t ~
well Ch-152 was pumped for 72 hours at an average rate of 60 gpm. and «. £
water levels were observed in wells Ch-151.152. and 153. In October ••• \
1957. well Ch-152 was pumped for 72 hours at an average rate of 115
gpm. and water levels were again observed in wells Ch-151. 152. and
153. •

Analysis of data from the observations wells indicated coefficients
of transmissibility ranging from 13.000 to 18.000 gpd (gallons per dav)
per foot, and a coefficient of storage ranging from 2X10'4 to 2X10':>.
Figure 6 shows the recovery in well Ch-151. during the October 1957
tests, plotted against time. The data yield a curve that follows the
theoretical curve for the first 40 minutes and then shows -the effect
of an impermeable boundary that became effective 40 minutes after the
pumping stopped. Plots of data from wells Ch-152 and 153 also show
the effects of impermeable boundaries.

Two pumping tests were made at the Norristown State Hospital
near K'orristown. In August 1956. pumping was stopped for 23.5
hours in well Mg-20. which is pumped continuously at an average rate
of 118 gprn. The resulting recovery of water level was observed m
well Mg-21. Analysis of the data from Mg-21 indicated a trans-
missibili.y coefficient of 23.000 gpd per foot, and a storage coefficient
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HYDROLOGY 35

of H.< 10'*. Plots of recovery and drawdown show the effects of an
impermeable boundary. In November 1957. well Mg-22 was pumped
(or 71 hours at 110 gpm. and water-level measurements were made
sn"wells Mg-17. IS. 19. and 21. Results from wells Mg-lS and 19.
however, were not considered to be reliable. Data from wells Mg-17
and 21- gave transmissibility coefficients of 23.000 and 24,000 gpd
per foot and storage coefficients of 7X.'04 and 12xlO'4. Figure
7 shows the drawdown in well Mg-17 plotted against time. The
effects of an impermeable boundary appeared in Mg-17 approxi-
matclv 270 minutes after pumping started.

In September 1957. well Mg-270. at Blue Bell, was pumped for 64
hours at 23 gpm. Analvsis of the data indicated a transmiss;bili:y
coefficient of 1.000 gpd per foot.

Well Bk-277, at Doylestown. was pumped for 44.5 hours in
November 1955 at 100 gpm. and wells Bk-278. 2S1. and 282 --vere used
for observation Analysis of the data indicated transmissibihtv co-
et::c'en.s ranging from S.OOO to 16.000 gpd per foot and storage
coefficients ranging from IXIO'4 to 2XlO'4. Most of the plots of
drawdown and recovery against time showed the effects of an imper-
meable boundary.

Well Bk-722. north of Langhorne. was pumped for 69 hours in
June 1957 at an average rate of 50 gpm. and water-level observations
were made in well Bk-723. Analysis of the data indicated a tran-
missibility coefficient of 23.000 gpd per foot and a storage coefficient
of 5X10-•».

A pumping test was made at well Ch-177 m November 1959 to
determine coefficients of transmissibility and storage of each aquifer
penetrated by the well. (See Bennett and Patter., manuscript in review.)

Electric logs indicate that two sandstone aquifers are penetrated
by the well: one occupies the interval between depths of 6S and 124
feet, and the other occupies the interval between depths of 152 and 184
feet.

Internal flow in the well under nonpumping conditions was
determined by introducing a slug of salt into the well and then
tracing the movement of the salt slug by the use of a fluid-resistivity
probe. Internal flow was calculated to be S gpm upward, indicating
that the lower aquifer had the higher head under nonpumping con-
ditions and that the upper aquifer acted as a thieving :one.

When pumping of the well commenced, the water level was drawn
do\\n quickly from a static level of 5.S2 feet below the top of the
casing to 13.90 feet below the top of the casing. This lower level
w*s maintained throughout the remainder o. the test. Discharge of
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TON FORMATION ' HYDROLOGY 37

the lo-cr aquifer during pumping was measured by using an Au
flowmctcr suspended in the well. The transmissibility and storage
cc-efficicnts and the original hydrostatic head of each aquifer were
calculated to be as follows:

Transmisstbihty Static head
coefficient Storage (In feet beiow

(gpd per foot) coefficient top of casing)
10.900 1.37x10-' 8.0
1.955 0.367 1.8

Bennett and Patten (manuscript in review) noted that the cal-
culated Storage coefficient of the lower aquifer was too high and that
the difference in transmissibility between the two aquifers was too
great. They cite the following sources of error: (1) erroneous flow-
meter measurements. (2) well-entrance losses, and (3) incorrect
measurement of original internal flow. Nevertheless, they believe that
the calculated transmissibilities and aquifer heads are of some value
because they have approximate order- of- magnitude significance.

Bennett and Patten (i960) described a method for determining
the discharge-drawdown characteristics of each aquifer penetrated
by a mukiaquifer well. The method makes use of conventional well-
logging techniques combined with measurements of flow velocity m
the borehole.

Information derived from such tests such as yields, specific
capacities, hydrostatic heads, and the location of thieving rones.
can be of great importance m the construction and operation of the

a well or in the development of a well field. For example, such tests
•£ can provide data to determine whether or not a thieving zone should
" be sealed off in a well. In many cases, thieving rones can become
^ producing rones when the head in the well is decreased below that
v of the thieving zone.
tc Discussion of pumping-test results. The results of the pumping
- tests in predicting the amount and rate of declines m water levels

caused by pumping From wells leave much to be desired. None of the
plots of test data matches the type curve for more than a few hours
during the initial period of the test. During the remainder of the
test periods, the data plot above or below the type curve, indicating
departures from the ideal conditions assumed in analyring thc tests
by the Theis nonequilibrum method (Theis. 1935).

The tests prove that the Stockton formation does not respond to
pumping as an ideal aquifer would. Two reasons for this are that the
formation is not isotropic. and it is not infinite in arcal extent. It
contains an alternating sequence of materials of grossly different hv-
draulic properties that are intermingled in such a way as to defy simple
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definition by means of coefficients. Even those individual beds that s-
appear to have a uniform permeability throughout their extent do not r
conform to the ideal-aquifer concept, owing to their lenticular shape ?"
and differences in thickness from place to place.

The unreliability of determinations of the coefficients of storage
and transmissibility by conventional methods suggests that the hy-
draulic character of the Stockton formation is too complex to b«
defined adequately by these coefficients. Among procedures that
might yield more satisfactory results are electrical model studies. *
wherein the hydraulic character of the aquifer is duplicated by electrical *
circuitry. Before this approach could be used, however, detailed studies £
would be necessary to establish the parameters of the hydraulic sys- f
tern as it is in nature. Owing to the heterogeneity of the Stockton forma- sj
tion. such an investigation would be extremely difficult, time consuming. '•.
and costly. Hence, this approach would not be warranted except in ..'
those circumstances where accurate predictions of the effects of pump- C
ing are needed to protect a large investment. ' 5 •___

*- .. ___
QUALITY OF WATER eft,- • «—

Dissolved-solids content in ground water is the result of the p- •
leaching of soluble material from the atmosphere, soil and rocks — --.———
through which the water moves. Factors that control the chemical *
quality of ground water are: the composition of soil and bedrock. ':'j
climate, temperature, pressure, length of time the water has been in p̂-'" •••
contact with soil and rock, and human activities such as disposal of
industrial waste and sewage.

The most common dissolved chemical constituents of ground water ar.

are: calcium (Ca). magnesium (Mg). sodium (Na). potassium (K). i
iron (Fe). bicarbonate (HCO::). carbonate (CO-,,), sulfate (SO4). f ~~"jn
chloride (Cl). fluoride (F). and nitrate (NO:;). f c:".:rjg c.:rr>or

Chemical dats are available for water from 70 wells in the Stockton
formation. (See Table 8.) More than one analysis was available for
some wells, but only one relatively recent analysis was used for each
well.

The areal distribution of water quality from representative wells ir
is depicted on the map in Plate 4. Figures 8 and 9 are trilinear
diagrams showing the percentage composition of important constituents
of water samples from the Stockton formation. Sulfate plus chloride
is plotted against carbonate plus bicarbonate on one axis: and calcium
plus magnesium is plotted against sodium plus potassium on another ;j
axis. sr

200410



REFERENCE 22

200411



REFERENCE 23

200412



JGROCJND. WATER
OF

BUCKS COUNTY
Trb Brunswick Formation ' " '"""

Lockatong Formation

ATE I. GEOLOGIC MAP OF THE BRUNSWICK /
LOCKATONG FORMATIONS. IN BERKS AND

- MONTGOMERY COUNTIES, PENNSYLVANIA, «5 . , ,- w^
' SHOWING WELL LOCATIONS. St ' ' <$ ' '

" -,4 r*Jfr'.



REFERENCE 24

200414



DangerousProperties of
Industrial Materials

Fifth Edition

N. IRVING SAX
Assisted by:

Ma, ilyn C. Bracken/Robert D. Bruce/William F. Durham/Benjamin Feiner/
Edward G. Fitzgerald/Joseph J. Fitzgerald/Barbara J. Goldsmith/John H. Harley/

Robert Herrick/Richard J. Lewis/James R. Mahoney/John F. Schmutz/
E. June Thompson/Elizabeth K. Weisburger/David Gordon Wilson

VAN NOSTRAND REINHOLD COMPANY
NEW YORK CINCINNATI TORONTO LONDON MELBOURNE

200415



REFERENCE 25

20041&



raNUS CORPORA T/ON PROJECT /VOTESIPERFUND DIVISION______ _____________________ PROJECT NOTES

™ f?/€ _____ °ATE:
FROM: -*T J/ X"/ *///*i or*, v -J/ /<î
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NO. M-UCAIC K.

Primed t>r T<o A Lukcna Co. 11 N. IJth 8U PUladalphU

the
doth hereby let unto..G.£m:.Lj:.Ĵ  oiled the lessee ),
.,, THAT PF«T*TM premises situate at 162 North Main Street, Souderton, Pennsylvania_____

lor the term oi.....J.iYS...y.ff.̂FJ>...._____..ham the..__.l-XSt__________day nf July

A. D. 1985 , yielding and paying there/or unto the lessor the... Annual____.rent o._JliijtXiEflU.r_H.u.nd_C.ei
_I$5...4.Q.9_̂e.Q.L..X>oilars, payable in...... njonUUjr______payments of._JM2i25_____________Dollars
on the first______day o( each ___..Hfintfe._______in advance, 't 10 Woodland Drive,
—T.anadale,.....Ea».............——or at such other place as said lessor may from time to time direct.
AND It la bareby covenanted between tfea laaaor a»d laaaaa , (or thanualvM, tlMlr rejpecUve bain or illceeMora and aailtna aa folkiwa:—

1«L Th. Irtiaa will par lha ranta h.reby rtaarvad a«ordln» to tha tarau of UUl Jea-«, and will aln pay. IT aald pramlaal an
equipped imh «aler meter, all chart ea In aieaaa of Ika annual minimum valar malar ralea. and aawar raau, proportioned monthly, othar-
wlaa all charrei (or walar and aawar rant other than for dwalllnr houaa purpoaaa. aeenilnc dtuioc Lha continuance o< Uiia laaaa; a*»d ail
bllla tor tha aama. If paid by tbe laaaer, may ba dlatrajned for a»d recovered aa re»t. .

Ind.' Tha leeaee ahall not occupy tha demlaad premltw otnarvlaa than .. a .dry Cleaning and laundry business
nor <hall lha leiaee aaalcn Ihla Icua, nor undarlat tha pramlaaa or anr part UlaraoC. Any truufer by proetaa of law ahall ba deemed an
aaalcnmcnt by lha laawa , and lha Itaaea shall not da or knowlncly aufler to ba dona any act. maltar or UUnc, whereby any policy ol
Inauranca on tha demtaed pramlaaa ihall. according to tha eondltiona tharao/ bacoma avofdad or auapended. No alcn or alcna ahall ba
palnlad upon any pan of tha damlaed pramlaaa. olhar thaa on claai In wlndowa or door*.

3rd. Tha Icaoea ahall ka<p tha damlaad Bramlwf In food condition durlnr tha contlnuanca of thla ItaM, ramor. all aahea, nibblab
>nd rtruac milt.r ihartfront, rn>laca or repair anr alaclric flxtur.a or wlrinr that may ba damacad or brokan, and at the larmlnallon ot
lhl> l»uu <l.lli'<r up lha aald prenitiaa lo lha laaaor In aa cood ordar and ranalr aa lha aama now an, rtuoiiable w.ur and tear and
dainaK- br ArclOantal llrt txcepltd. Any Improvamaita or addltlona mada by tha laaaaa ahall not ba datachail iron tna proparty. but
•hall ramain for tha baneflt of tha leiaor

40,. l*~~ w- tĥ .*ll nod. ud pnpntr «• Ih. dnalaad prauw, alUaaa iMciicBllr praMUIad bjr Uw, (hall ba llabla la diatnaa lor not. unpaid
»Kr mu. npain l»or rrplaanf daetne ilturea and wtriw. and lor all coata and allonbla oaamwioaa. T. " I oaina tha k*t*6t of all lain axla or la b* mada
•assiptiac «ny pcvt̂ tty. ricfiu. or d«oujada oo UM dtOBi'Md prwawi or •|̂'*|MH. tioa I**?, attachmaat, or aala em dtatnaa er rsaeulioa, and audi wmivar U la
•ami u diumt uxl •«!• ,<Ur m»v>l. and il»a lo aaotlionl ua»d am any judinunt lor fnunina or daeatM i»en»«t«l upo. Itiia laaaa or «>Ur«l or ooaf—~d
uncta th« un» bmof. f inn iraiw all nfhl lo May at «u.triiaa •• •Jn' «uc*> judamant. All fooda aad chattel* immutmt tnm tha praauaa* ahall ba UaMa la
diMnx «nd -J. lor 90 day. >(Ur U»ir i — i iJ lunlna 1.111 ily aroWtilW ky law) i> lha aaaaa aaaHMT aad â ad la tha aaaa ooodibo«a. fanmarm, iii««man
^̂ rr̂ tlĵ f&I.VrtTfrall expire on June 30̂ , 1990.

i' wrlittn nwiice ot In 11 ii t tun Vo i ai" d o. bu riii' default of ̂t uch no (icti' thi i l««»•. * w it ii "iu" Vh* * co nd 1 Son* aid cove
cent In u* for th* *ddi(.oniU term ot_..—«— __T,̂ _L.. .- __-._ .__—.̂ ĵinit M on from—

«<lher party Civltn lo th« oth*r———— «-•-,.. —- IMJI RP.lUn notk;* of in(»nticm to Unnlmmtt uld 1«.\>« at th« *xplr».
tlon of th« th*n furmtt tcimPrm'tili-li liUBlfyi. that If thf twior shnll hAV* ffiv*n~._________dayf wrilt.n notlc* prior lo the «nd o/
tnr term AI inli i'r|nu,lii i Imiil 9 I In i-o^ifUlioni of thin ka**. «nd the l«fHvc nhnlt holil ov«r aft«r such nottc*, h* thkll .»• i-onfiilcrtd Itvictfrtn.iu.f.i.H nivtitwMi.d m *och nntire. for nu'-h furchef iwriiKl m» ti« may oceuuy the demised prcmiw*. ju.d until thin I«&M

1..̂  >..J.Ĵ J.>».t̂ -|.J.U_l.T̂ .n̂ )r*T..̂ |r.̂  . ̂ t̂-ll-f. _JIAtl,.-t »_••.«, t̂ ftjif0tp.y.̂  «h!lll ItJ H aUtmfl,..̂  â ffî JL

tth. Th« lersor reterven th« rirhi &t all time* to viiit and initptct th« demised prtmliei, personalty or by «eni, and lo cauaa
any rvp.iin to be madf which h« may dttetn proocr: afao tht rfirltt at any time to put up a "Kor Sal«" «lcn- in »uch piac* on th* promm
m» h* may «.*rl, and a For Kent" nen ltnri«dt>tcly, in em* nwtic* to quit U ylven. _*ro*p«ctlv« purclia-»«rB or trp^nu authorised by
1̂ 4-tM>r may Iniip̂ c* th« prcmlm At rcaion&blo hours at Any tlm«, \ .r**̂^

7Lh. I - i - i wuv«* in U«x o. Liniir .01 W Liin.'i rirhU uad. >11 -ippikabl* U«« !• tw.k» W nwaptioa W rawk. to •Mâ MeMM., a«d U miw.MMiKi.-i
•« wWI M IK* ngttt ol cppM. Ire*B, or writ of «rrer or ocriionri te any ;udjrro*nt. order, or deerot that May fa* MlerM aiUM. LfMie by any court er aaffutnU
lot ml, d&a*iM> piMi-.ii cm, or et-Wrwiw; and doaa (urOtef rtpnariy waive th* bttwAt oi may aad all MLay W «iMUtM-i «r •M̂ pti-m U*« erf ««wr TurUeUciKM.

tth. If th* rant mod/or may ct**rrm t~grv*<J unĉ r tKi* IMM » r*«t »--*JI rtm*Jn un|M.d -M a»y day «rfiM th* MOM la >*̂ ni.r*d I* b* paid, without oth*f>
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«nliU*d u rM«Mubl« altorrwy'* (m in addition lo all afhrr asMunta dua.
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.... _T70 9t. a»q. and la eauaa tht anfry a< « ;u«!fBMnt by «onlim'ua a«ajm>l Lraaaa. in aurh action a( ajaetnwnt. lor nftwiaaion of Ih* pr*mia«a dtmiaad Wm*nd*r.
Further. In mteti aciion, LMM« hrraby aulhonir* and amfowm l̂ nnnr'a attorney lo aitn Ih* eonlnaion of jvriirmant in ejectment aa allamay (or \_mmit and t «nl

. -vAiUM* l«t*l 0«afu, LnMor, in Panuylvania, may raiMa an arltaA la eitctnwnt la ba Alad aaainat Linui purauant la PantJylvaiua Hul*a of Ovil Prec-dur*
* | No. 2970 at. atq, and la eauaa th* anfry af « ;unfBEwnt by «onliniua a«ajm>l Leaa**. in aurh action af ajaetflwnt. lor (rtnnaaiun of Ih* pmaia«a demiaad Wrrunder.
\ i Further, in wen action, LPMM hereby aulhonie* and emfowen l̂ nnnr'a attorney lo aitn Ih* eonlnaion of jvridnant in ej«rtmeat aa attorney (or \_mmit and t «nl

of pONMaaioa nuy JMU* forthwith. K lor any nramn whalane*er after Mid action •hall have eaewnencvd tha aaid action ahall ba terminated and the powxioq a< the
1 I pramim litmafd heminrfrr lhajl reauin in or be faelond ta l>mw. Lnm ahall hive IK, ri(hl av** any auhMqun,! default ar defaulu. ar upon the Urmiaatioa

1 16th, In ttt* v*«-nt • C*mpl*.nt *K«II W At»d pur*u*fit t* *ftl»*r Pararr-tph *th «r *lh »f till* k«*e, thr original or a ptkOtotUlir ropy *r like
*f tklt tru* tAowif,« L. ««••« •irnalur* itinll b» *i_-chrt i* th* uU CampUmt. If th» *r.f mil j* net a(tath*d L*«w.r thall a«*r tkat tW «»rr «tU
an̂  rorrMt Kprod-rCtiM «!* tW *ri_riMJ. If antler tW orfcinaj (•••* MT * rwrarfuctiMi CM W *tl*rlw4, LMKM- »*..JI *«»Uf« in the C*m»U...t why
tun( tt «««(t«hl«.

I lllh TUa Iffm •hall ba tovnmd by the law> af Ih. Slate ia -nich th« deaiivd r>mU>r< .r. locaUd. If aay pmvi.ion af thu laue *al) t_ d̂ larW iav»lid
I by judicial d*uroin»l>oA «r l*ci*t«Uv« &.bon, ooly such pmuMn •• decUfvd iMvtiid fhmu be •dcctMf, aad all athet pimiaiaaa not ineaaaia4e«l Iherwtlfc ar duwtly '
1 d-pvndcnl UMr>eA.aK«ll miwia ia lulj fan. aad aoact. I

: J 2th. The cooling._de.viee installed by jL..i?s.oce._i.n.ih.e,.XP.9.(l..rr̂ y.,be...r,.e.rnpye.d..by...le6see..aj
expiration provided the, resultant hole is. satis.fac.t.pj:ily...<;.apped and.the, rpof restored, to
its prior condition. . .
13. Lessee to pay alh utilities without exception and all repairs to the premises w ith-

*JV • JUT ftJ- A •Jur* * t />")-out exception /or roof repairs and outside repairs. Lessor to carry fire insurance.
! Lessee to carry plate glass insurance.
, 14th. Lessor to pay real estate taxes except that Lessee each year shall reimburse*

IN TVITXCSS WIIKnKOP. tht aald parll»« kaie hereunto aef Iftelr hand* and aaala. Daird thr, „......_,..... .f,̂ Ĵ—...._._.„ ....——
davor.....——_.....Ju.ly_.__..———..————*. D. ,».85.. GENTLE CLEANERS, INC.
SCALED AND DKLIVrnED

IN l>K£Si;NCK OF -. __..
U ^—^ President

«pr_for_the amount of real estate taxes for
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STEP 5

rtMC
<K£V WORD - BE: HEALTH KA2AHO,- TO*»CITV1

J ^liaht health hazard
|KCV WORD — •»£: COMSOSTHItlTV— f LA MM API L-

2 Mnderatplv combustible

•KCV wo«o — wci NCAcrrvirv)

0 Nonreactlve

NOTE: Estimates based on
known hazards of component:
df̂ /or use experience.

iflATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

MA*U,ACTU«_««A«e ADC{X Inc>

AOOfttSS _

TRADE NAME
SYNONYMS

W Main. Sedalia. MO 65301

t-̂ trwt-.̂ Tlte.CrONtMO 816-826-3300

AMERICAN' PAINT. OIL & GREASE REMOVER
APOG. POG. AMERICAN

H HAZARDOUS INGREDIENTS
MATcntAJL on COM^OM€MT

pptrolpum distillates 5

Organic solvents 2

" • *

t

•
k MAJAHUUATA

4 cpmfjustible
6 combustible

III PHYSICAL DATA
•OH.tWGI'OlHT. HOMK

S.,C,rrCC-HAV,T.,H,<

VAPOM OtMSlTV (AIM-

%vot*T,uf.rvot

A/f (AAAMCf *KO OUC

140 310°F nS4°C)

0.896/20°C
i

75
M4

clear vellow Houid.

UtinMO POINT U/M

VATOH miSSU)" N/E
$tH.UHIllTr HKMyO. V«VWT elinnt

tVATOMATIOMHAr- WUTVl ACtTArl i. w/£

characteristic odor
Recommended MSOS Format ~ First Page

*"̂ wm•Mt-*tITNlHrrmC«.M«*»
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OSHA MANUAL

IV FIRE AND EXPLOSION DATA
fl.AiMrX.IMT

fLAMUAftU U»MTS I

CXTIMGUISHIMC
MCO(A

•PfCIAL FMIC
•lOHTrMO
moccouftft

AMOCXPUWON
HAZAMO

102-1 10°F (PM) TCMPtRATUM

NA.«.*«rvOt N/£ "*«•*" **

H/E
MM

Carbon dioxide, dry chemical foam or other media for Class B
fires.
Wear self-contained breathing apparatus when fighting fire
in confined areas.

Forms comU.st1ble and/or explosive mixture with îr. . .

V HEALTH HAZARD INFORMATION
MCALTH MA2AMO OATA

AOUTUOf iXfOOMC

H<HAtATIOW TLV 500 ppm
•WN CONTACT

(KIN AMOMPT.ON

f YC CONTACT

MGtWON

ACUTC OVf A(

.
, % • •

^^^ vapors are intoxicating, nartullt CIM iriitanny tu
ix*a£»t mucous membranes of the lungs. 'Prolonged contact with skin

• * 1 A •

CH*ON«C»V«_.̂ a11 W<""C "•————•""•

tMCAGCNCY AMOftftCT AlOFAOCtOUACS

(yes Flush 15 minutes with water. "Call physician if irritation persists.

**M*: Wash with soap and large quantites of water.
INHALATION:

If
If overcome by vapors, remove victim rrora contain i nuteu euea.

hrpathina has stoooed. aive artificial respiration.
•i-cMTioN. pQ HOT induce vomiting. Call physician.

NOTUTOPMVtlCIAN - - — - ——

Product is a mixture 'of soap, .emulsifiers and organic solvents in a .
petroleum distillate base.

Rtcommtndcd MSOS Format - Secon

C-wyrMit • IMI TM htarrm C-̂ BMir

dPagt

S-28«
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( • (OSHA MANUAL STEP

VI REACTIVITY DATA

COWOIXK*** CONTRIBUTING TO I*$TA»IUTY
Stable under most conditions. Forms combustible and/or explosive rmxtures
with air t.mV"'' "xvgen.——______________________——————————

HAZAAOOUS otcQMrrifiTtrm mooucrs

ONTWK/ttNO TO MAZAMOOM fOCVUfftlZATKM

Does not pol>merize.

VII SPILL OR LEAK PROCEDURES
(Tin TO M TAKCN If MATtftlAt. IS NCLJLAKO OH «mX-_O

Keep from sources of ignition. Spilled material may be pumped into another
container or adsorbed with adsorbent.

Mimuuz.NGCMtt.4CAt, necessary.

MAITf MPQCAi. MKTHOO

Incineration in accordance with applicable local, state and federal
regulations.

VIII SPECIAL PROTECTION INFORMATION
VCNtlUkTlON fttOLNACMCNTS

General mechanical ventilation to keep prMuct. concentrations within
specified time weighted TLY ranges.

•rtoi>tc nmOMAt. PAOTECTIVC
HO«»UTOHY ttftcifv IN OCTA.U Use sel f-contained or supply air masks for

pnterino areas of concentrated vapor.

Chemical-type goggles or face shields recommended.
OLOVM
____Use rubber gloves impermeable to petroleum solvent.
OTMiff CUITHINC AMO f OUlMMNT0T»f H Ct-OTHIMC AMO f OlMPMtNT

Availability of safety showers and eye washes in work areas recommended.

Recommended MSOS Format - Third P»g«

!-»•

200434



STEP S OSfiA MANUAL

IX SPECIAL PRECAUTIONS

STAUMCNTS

DOT classification: Combustible liquid. Avoid getting into eyes
and prolonged contact with skin.

Avoid inhalation of vapors.

OTHtft HAMOCINC AMO

Keep product containers closed, dry and away from sources of ignition.

Store in well ventilated areas.

AOCO, Inc. Robert Risner

AOOIUU.

OATt number 11. 1984_______

V Reoxr*rn«od«d MSOS Format - Fourth Pao*

20043!



STEPOSHAMANUAl. aitr

RA

15a: u
UJ f-

2-g
</»
>» c

J . .§• -
I £
5 - r

TIN° ,K£V WORD - RCi HEALTH HAZARD - TOXICIT

1 "jlioht health hazard
1KCY WORO - RCi COMBUST I-IM-ITY

y)
NOTE: Estimates based
known hazards of compor
and/or use experience.

- FLAMMACILrTY)
*

2 Moderately combustible
(KCY WORO — RCi RCACTIVtTV]

'

0 f^onreactive

iflATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

MANUf ACTORS NA« ^Q ' j^ £M€AG£MCY TEL£fMON£ Ntt ° ' O-O^O- JJUU

*°°*** 900 W. Main. Sedalia, MO 65301
TRADE NAME
SYNONYMS

'SPRAY SPOHER

none
II HAZARDOUS INGREDIENTS

MATtRUM. OR t MtfONf NT

petroleum distillates

ft MA2AMO UATA

50 combustible

III PHYSICAL DATA •
•OILING POINT. HO M*

tnanc GMAVITY (MJ<

VA*M OtNfTY (AIR-

* vOLATiLts iv y-H/

A/VfAAAMCi AMO OUC

IMC 220°F
0.a77/?0«C

" greater
wt. 58

44—————— 1 thirk nranqe-brown H

Mil T«N(i fOtNT .,/a

»——"-«- 2.0 nm Ho/20«C
so-uMiiTriMMjo.\,ivwT Corn's stable
—————————— ! ————— «»BinT<inn _______
(WA^OMATlOMHArC WUrvi ACitATI ll 0.21

ouid w/characteristic odor
Recommended MSOS Format - Fiftt Pag*

!-2S«

200436



STEP 5 OSHA MANUAL

IV FIRE AND EXPLOSION DATA
FLASH POINT AUTO«GNITION

127 - 132°F (PM) TW«I»ATUM N/E

r'CAMM.MUl UM.TS IN AIR. » «Y VOC. WW«* Q_y UtVC.1 g^Q

CXTINGUISHUM
MiOtA

:Ss£s£l
UMUtUAL-'tM

KA2AAO

Carbon dioxide, dry chemical foam or other media for
Class B fires.
Wear self-contained breathing apparatus when 'fighting fire
in confined areas.

Forms combustible and/or explosive mixture with air.
.

V HEALTH HAZARD INFORMATION
MAITH KAZARO OAT A

M-Muma.. TLV 500 ppm
SKIM CONTACT

KiNAMOWTION «

«Yt CONTACT t
«NC«*TION

IMKT$O»OVM«XKMUR« Vapors are intoxicating, narcotic and irritating to mucous
f̂ *.*******"1* membranes of the lungs. Prolonged contact with skin can

IMCrVilNCY riÛ O tt

.«:!*,., flu
w AID f*oecouAU
sh 15 minutes with water'.* Call physician if irritation persists.

**u": Wash with soap and large quantities of water.
INHALATION:

IMCUTIO*.

If overcome by vapors, remove Victim from contaminated *reA» '""~TT
hrpathimr h.^ stnnnpd. pivg artificial rg?pi ration. _________
00 NOT Induce vomiting. Call physician.

NOTHTOfHYfOAM _ .... ———— ., ___ . . ..

Product 1s a mixture of surfac nts, emulsifier?, *nd •
organic solvents 1n a petroleum distillate base.

Recommandad MSOS Format - Second

1M1 '
1-28.

200437



OSHA MANUAL STEP 5

VI REACTIVITY DATA

cdM̂ rto** CONTRJK/TWM; TO INSTABILITY
Stable under most conditions. Forms combustible and/or explosive mixtures
With air and/or oxvoen._____________________________________

WCOWPATiefUTV

COMOmOM CONTMWUTINa TO MAZAMOOM fOCYMUUZATIOM

Does not polymerize.
VII SPILL OR LEAK PROCEDURES

m*» TO M TA*tN If MATUUA4. tt fttUAUO

Keep from sources of ignition. Spilled material may be pumped into
another container or adsorbed with adsorbent.

None necessary.

VtMTfMFOt-U.U-.TMOe

Incineration in accordance with applicable local, state and federal
regulations.

VIII SPECIAL PROTECTION INFORMATION
VfMTtlATiON R«OUtRtM*MTS
General mechanical ventilation to keep product concentrations within
specified time weighted TLV ranges. ——~

pacific rtMOMAc moTtcrivt touin«CNT

MVMATOAYartctfvw.o«TAtu Use self-contained or suppl£_air masks for
nf rnnrpntrated vapor.________' _____________

CY6 Chemical-type goggles of face shields recommended.
GLOW ———————

Use rubber gloves impermeable to petroleum solvent.
OTHCM ClOTMtNQ ANO f OCNMKNT

Availability of safety showers and eye washes. 1n work areas recommended.

Recommended MSDS Format - Third Page

200438



STEP 5 OSHA MANUAL

________IX SPECIAL PRECAUTIONS ______________
PRECAUTIONARY
STAUMCNTS

DOT class1f1cation:Combus$ibl, liquid. Avoid getting into eyes and
prolonged contact with skin.

Avoid inhalation of vapors.

OTMtft HANOLINC ANO
CTOMACf eUOMR.fJ.KNTS

Keep product containers closed, dry and away froa sources of ignition.

Store 1n well ventilated areas.

ADCO. Inc._____Robert Risner

AOORCtt:

OAT! December 11. 1984 _____
Recommended MSOS Format - Fourth Page

f 'Ml TM Mliiltl 0,m*~~
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I MATE ^AL SAFETY DATA fHEET
>V* U. ». DEPARTMENT Of I-ASOR "ESSENTIAI.I.Y SIMII.AR • TO rO«M USS-OOS-4

SECTION 1

MANUFACTURER'S NAME D̂CO . IttC . * 8u$-f Sf-T̂ tff"0"* N°"

'ADDRESS (NUMBER, STREET. CITY. STATE. AND ZIP CODE)
900 W. M,ttn Sedalla. Missouri — 6i221 —— .

'"CHE MI cXu NAME XNO^VNONY MS blended surfactants, va
orfup>^ npr-lril briQbr —— »-= ^«1<vr ——————— ————————

K " f̂̂ Â L̂JAMff ̂41 <* Al ^ Alrfl LY *^^ ̂^TCH^MI^M- _________ fixture _____________ 8»^

AMAZE
UA -Llkylol ?*l{ie linear arylEa teTninionlETIena

SECTIONS II HAZARDOUS INGREDIENTS
PAINTS, f»RC*CNVATIVCS. * »O4.VCMT»

-IttMCHT*

CATAUY«T

VCHICUX

•0-.VXNT*

AO04TIVCS

OTHCR*

» TUV
(UMiTS)

ALJ.OYS AMO MCTA4.1.IC COATIMC*

•A*C MCTA4.

ALJ.OVS

MCTALJ.IC COATINGS

riCLCR MCTAI.
FUU8 COATING OR CORE FUUX

OTHER*

HAZARDOUS MIXTURES Of OTHCR L.IOOIOS, SOCIOS, OR OA»CS

.

"

S

«

TUV
<OH1T

•n_N.
(UNIT

SECTION III PHYSICAL DATA
•OILJNO ̂ 01 NT («r.)

VAf»OR FRC»«U-E (MM HC.) •'

VA^OR OCNSITY (AIR aa i )

•OCX) • 14- 1 TV IN WATCH

212*T

Rolubla

SPECiriC GRAVITY (H O»l>
* 20*C

PEHCEKT VO4_>.TH_e
• Y VOt-UME (X)

f v«K%rri°M "*«, »
1.018
80.0
1.0

APPEARANCE AMO oooM viscous blue syrupy liquid

SECTION IV RRE
P(_ASH POINT (METHOD USED) OVCr 200*7

AND EXPLOSION HAZARD DATA
C.O.C. PI_AMMASI_E LJMITS

EXTINOU.«HIN<2 MEDIA , .« «-vacer

i_ei_ uEu.

SPECIAL. PIKE PIGHTING PROCEDURES none
•

UNUSUAL. PI ME AMO EXPL.OSI ON MAX AMO* none
i

All UbnMH*. fomi-1^ <HI *
NOTE: V

.fiotiMk (or tk«

200440



THRCSMOCO

EFFECTS OF

EMERGENCY

__________ — ——————— {
SECT

LIMIT VAI-UE not

OVEREXPOSUHE gye

heated or burned

ION V HEALTH HAZARD DATA

volatile at normal temperatures
irritant; AMAZE produces no fumes unless it is strongly

*

AND FIRST AID PROCEDURES flush eyes thoroughly with water

SECTION VI REACTIVITY DATA
STASILJTY UNST>

STABI

-SUE CON

u* X
INCOMPATASIUITY (MATERIAL.* TO AVOID)

HAZARDOUS DECOMPOSITION PRODUCTS »>..__£

HAZARDOUS
POCYMERI ZATION

MAY OCCUR

WILL, NOT OCCUR

•

OITIOWS TO AVOIO

none
ng nay cause formation of carbon dioxide

CONDITIONS TO AVOIO

X none

STEPS

SECTION VII SPILL OR LEAKPROCEDURES
TO SE TAKEN IN CASE MATERIAL. IS REuEASEO OR SPIL.LJCO

wash awayvith water
.

WASTE DISPOSAL. METHOD . , _ J _.wash down sewer - product is biodegradable

SECTION VIII SPECIAL PROTECTION INFORMATION
RESPIRATORY PROTECTION (SPECIFr TYPE) . , , . \

VENTILATION UOCAU EXHAUST none

MECHANIC At- (&t.MERA«.) aOHC

PROTECTIVE GL.OVES none cvc *"a

SPECIAt. QQQ^

f\T±tfit
T\OOC

TECTION goggles. or face mask
OTHER PROTECTIVE EQUIPMENT none

SECTION IX SPECIAL PRECAUTIONS
PRECAUTIONS TO SE TAKEN IN HAMOI_fNC> ANO 3TOH.NC -avoid fires

.

OTHER PRECAUTIONS do not take internally

200441



/
OSHA MANUAL

*

X-. JS™"* «Y WORO -RC, HEALTH HAZARD -TOX.CITY)

I i Sliqht health hazard
f~- ——

«" IKEV WORO - •€• COM-.USTMMI.ITV - FLAMJAASIUTYJ

£ . i Sliqhtly combustible
s. ' —

J* =3 «— (KEV WORO - RC: RC ACTIVITY)
< **
* ^ o Nonreactive

tf

* MATPRIA! <5AFFTY D/1 ————— ' IVIM 1 CniME« OMi -U 1 I l̂ .rITA SHEET
1 PRODUCT IDENTIFICATION

«AMU.*C.J«R-_NA«* ADCO, Inc. t̂̂ Vr.̂ ^̂  816-826-3300

AOO"M* 900 West Main, Sedalia, Missouri 65301
TRADE NAME PURO

SYNONYMS none
H HAZARDOUS INGREDIENTS

UATCAlAl OR COMPOMCMT

chlorinated solvent

•
• •

« MAjAHUUAfA

100 toxic •

III PHYSICAL DATA
•CMLMK«pa«Mt.;«aaM«M(- 165°F »HI IIRQÎ XMI fj/fl

*******«,,«* « ].333/2S«C w ——— "*** 1.01 m Hg/20°C
VA*ORO***lT» (AIR II 4_5 SULUHUItV IMHjO.VWWf .05

« VOLAT«Ltk«* VOt -jAr, IVAKOMATKMMAK /t2uf9tf ̂O.////!. ^-rILMJ /TTtirrirrir j/

ApftARAKi AMO OOOH clear, water white 1 quid - sweet odor

Rtcomm«nd«d MSOS Format - Firat Pagt

• tMl TIM Mwtw

200442



STEP 5 OSHA MANUAL

-——————————(V FIRE AND EXPLOSION DATA

(Tier MCTHOOI none (C.O.C.)
f LAMMUUK LMMrS IM AM. % IV VOL. N/A

AUTOtGAMTION
TCMPCRATUM N/A

UTtMCUONMM} self extinguishing

PKMTMM N/A

Avoid extremely high temperatures (-H300°F., open flames,UMUSUALUR*
AMO iX*UMJOM --. - , - Telectrical arcs, etc.

V HEALTH HAZARD INFORMATION
HtAtTH HAZAMO OAT A

ROUTMOe1 IXKMUM

« TWA » 350 ppm"by wt.
•aUM CONTACT

UOM AMOAPTKM

IVCCOMTACT

IMCttTKM

Exposure to high concentration cin cause eye irritation
headache, nausea and unconsciousness.

CHROMIC OVtR(IPO«UAf

iMCACiMCV ANO flRCT

<Tt* Flush Ib minutes with water. Call physician if irritation persists
•***= Wash with soap and large quantities of water.
___^ ,_ If overcome &y VapaPS", ranuvt. VllLlm f.mi LUMLamina Led-
IMMAvATtOM,if hrpathing has stooped, give artificial respiration.

"water, induce voonting. Repeat ir

TO PMYSJCJAM
Product is 1001 chlorinated hydrocarbon.

R*comm«nd«d MS OS Format - S«cond

t IMI TI-.tMnmC-M̂ -.-v
••I

200443



( I '
OSHA MANUAL STEP S

VI REACTIVITY DATA

COMOlTtOM COMTR1SUTIMC TO IMfTASILITY

Avoid contact with strong alkalis.

Decomposes to hydrogen chloride and phosgene at extremely high
temperatures (+1300°F).

COMOmOMS COMTR4«UTtt*a TO HAZARDOUS POCYMMUZATMM

Does not polymerize.

VII SPIU OR LEAK PROCEDURES
*nf» TO fcf TA44N I* MATUUA-. MRC-4AUOQN

Wipe up all spills or allow to evaporate with adequate ventilation.

•iiurn i uii-ii

Mrf-fTX QMPOCAL MTMOO

Evapo»ation; dispose of in manner which complies with all state, local
and federal regulations.

VIII SPECIAL PROTECTION INFORMATION
VfftTlkATlON RtOUMUAKMT*

' Normal

««a*tcpt*«o*ALMwmcTivffouMMMT Use self-contained or supply air for entering
areas of concentrated vapor.

R**PrRATORY SPtC-fY IN MTAHJ

*Yi Cheraical type goggles or face shield recommended.

Gloves of polyvinyl alcohol, polyethylene or neoprene recommended.

OTNtA CLOTNIMO AMO f QUMMMT
Availability of eye washes and safety showers in work area recommended.

R»c-xnm«nd«d MSOS Form.it - Third

I-2M
iMtTMl
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( 4

STEPS__________ OSHA MANUAL

______________IX SPECIAL PRECAUTIONS_____________
MECAUTIOMARY
STATCUCNTS

Keep from extremely high temperature (+1300°F),

OTMtRMAMOLtMCAMO '
STORAGt AtOUMCttCMY*

Store in cool, well ventilated area. Keep containers closed.

AOCO/Robert Risner

AOORIU

OAT! 9/11/84 __________________

MSOS Fomwt - Fourth Page

IMI

200445



OSHA MANUAL ^^ 5

RATING. .^ MO (KEY WORO -RE' HEALTH HAZARD

p i Slight health hazard
u
•£ IKCY WORO - RE: COMCUSTI8H.ITY

— TOXICIT

— FLAMUA

t;-g i Hiqhly flammable
o ' — - — • ' —————————— •'•'•" '" " ' ———o»

i O C (KEY WORO — Rti RCACTlvrrvi

i let 1 1 Slightly reactive
J . Q_ | —————————————— 1 1 ———————————————————————————————————————————————————————————————

* I/I

W

1 MATERIAL SAFET

0 NOTE- Estimates based
known hazards of corapo
and/or use experience.

fllUTY)

'

Y DATA SHEET
1 PRODUCT IDENTIFICATION

UAMUf AC.UAtA'S MAI*t AnTO InC.r««w v y * < » w *
HtcuLAR T£L£»̂ O.£ MO. 8i6_826-3300
f . mf ftj~Cfcw"V T 1 1 CB̂ ^̂ JuC- *-*/> W I W %̂ *» »^ «***̂ *̂ *t>*tWwtW%»I IKvCrT^unC WM.

A00"*s* qnn U Main. Sedalia, Missouri 65301
TRADE NAME ^^ nirr .NnULN UU 1

SYNONYMS ink rejn0ver
II HAZARDOUS INGREDIENTS

MATERIAL OR CO-OQMCMT

petroleum distillates

organic solvents

/
* *

% MA2AKUUAIA

21 combustible
46 combustible

t

III PHYSICAL DATA
•OtLIMCPdrMT. 7MMMHC ,...,

tMC.'.CCXAVITYINjO II .900/24°C

*v T<AI "" greater
* VOL*TIL4i«Y >/rf/ Wt. 67

A**tARAMCt AMO OOOM - 1 <! /clear, yellow/orange

M(tTlMCPO«Mr t, /a

VA^^ISSURt 4 39 ̂  Hg/2()oC

SOLUHiciTV iMMjO. xer wT fOHHS

f ...KlMATtUMHATC KUTVt ACtTAH u > 4g

liquid w/ characteristic odor

or
ner

R«comm«.x.ed MSOS Format - Firtt Ptgt

I-28M
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STEP 5 OSHA MANUAL

IV FIRE AND EXPLOSION DATA

(TEST UCTHOOI 97°F TCC

f LAMMACLf HANTS IM AIR. % IV VOL.

fXTIMGU*SHM«6
MtOU

mocsouMs

LOWCR

AOTCMCMITKX
TCMFERATURC

_L_2_

N/E

U-VCft 10.9
Carbon dioxide, dry chemical foam or other media for
Class B fires.

Wear self-contained breathing apparatus when fighting fire
in confined areas.

Forms combustible and/or explosive nixture with air.
HA2ARO

V HEALTH HAZARD INFORMATION
HEALTH HAZARD DATA

»ioum<»two«uRi NQ data available on ̂ 5 516,̂ ^ product. Hazard estimates
based on data on components or chemically similar products.

«-U* CONTACT

MUM AssoarrtOM

tY< COMTACT

tff&Ctl Of OVERtxrOSURf

CHROMIC OVCRCX*OSURC

fMCMOCMCY AM) f IRJT AIO HIOCSOUMC*

Flush 15 minutes with water. Call physician if irritation persist;
SKI*: \izsh with soap and large quantities of water.
INHALATION: If ove"CQ«ne >y vapors, remove vicfm from contaminated area._____If breathing .as stopped, give art racial respiration.

NOT .nduce vomiting. Call physician.
»»OTU TO rXYHCIAM _ __ . __ _.

Product is a mixture of surfactants, eroulsifiers and
organic solvents in a petroleum distillate base.

R«comm-md«. MSDS Format - Sacond P»a«

O IMI TM MMrttt -tmwu
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OSHA MANUAL STEP 5

VI REACTIVITY DATA

COMptT̂ OWS CONTRICUriMG TO IKSTACILlTY
Stable under most conditions. Forms combustible and/or explosive mixtures
with air '"rt/nr nxygen.——————————————————————————————————————————

HAZARDOUS OECOMKttlTlOW mOOuCTS

CONCMTIOMS CONTRIBUTING TO HAZARDOUS fOLYMCAlZATIO-M

Does not polymerize.
VII SPILL OR LEAK PROCEDURES

rrtn TO M TAKEN if MATERIAL is REUEAS£O OR sruxco
Keep from sources of ignition. Spilled material may be pumped into
another container or adsorbed with adsorbent.

None necessary.

«UUTf OlSfOSAL MCf MOO

Incinceration in accordance with applicable local, state and federal
regulations.

VIII SPECIAL PROTECTION INFORMATION
VfMTfLATtOM REQUIREMENTS

General mechanical ventilation to keep product .concentrations within
specified time weighed TLV ranges.

tftCtftC KRSOMAL mOTCCTlYE EOUITMEMT

RES»HRATORY aftctf Y IM ocTAin Use scl f-conta ined or supply air masks for
areas of concentrated vapor. ___________

fvt Chemical -type goggles or face shields recommended.

Use rubber gloves impermeable to petroleum solvent.
OTHER CLOTHIMC

Availability of safety showers and eye washes in work areas recommended.

Recmnmended MSOS Format - Third ?»gt

S-28.
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STEPS
OSHA MANUAL

IX SPECIAL PRECAUTIONS
rfUCAUTlOMA.tr
STXT£MENTS

DOT classification: Combustible liquid. Avoid getting into eyes
and prolonged contact with skin.

Avoid inhalation of vapors.

OTHtM HAMOLIMC AMO
STORACi RiOLNRCffEMTS

Keep product containers closed, dry and away from sources ofignition.

Store in well ventilated area.

Format - Fourth Pag.
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RATIMfl
NO.

1

?

0

MAB

«K*V WORO - RCi HEALTH HA2ARO -TOXlClTY

Sliaht health hazard
IKCY wOftO — HCi CO**lUSTf«ILiry — PlAMMAfl

4

^ndpratelv combustible
IKCY WORO — RCi REACT IVITV1

Nonreactive

»
i

1 NOTE: Estimates based o
known hazards of conpone
and/or use experience.

IIUTYl
t

i
.

•

FERfAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

UW0W0 ACT V0WWI* ft Î JWA% JL rw*ft T •%/* 1 O | O***O£O— «rf«* Uw

*eo*M< 900 W. Main, SedaMa, Missouri 65301
TRADE NAME

SYNONYMS
SPEE DEE

nnn*»

•

1

II HAZARDOUS INGREDIENTS
WAT tftlAL 0* COMPONENT

Detrolftxn distillates
= —— oraanlc solvents

• . .

% MA2AMUUAIA

27 combustible
28.5 combustible

t

Ill PHYSICAL DATA
•OltlMO fOlNT. 7*0 MM HO

IP«CJr>!C6MAVITVIN]O>!l •

VArOMOtNSlTVIAIR.il

% VOUAflL4l«» VOL

Aff iARAMCf AMO OUOM

U 1Cnf u

.944/20°C
heavier
45m-~̂ ~m ,̂  —————————————————————— _

Mil riMti POINT U/r

5*
f .MOMAflOMHAlĈ y'r̂ ^̂ ŷ / |, n n

iquid w/characteristic odor
MSOS Format - Fiat P»gi— —-
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STEPS * OSHA MANUAL

IV FIRE AND EXPLOSION DATA
•FLASHPOINT .
iT'err utTnooi

AUTOtCMfTlON

ina . 114-F (PM) " N/E-
fbAMMAftU W*«T$INAIR.*«VVO(L. tOWUI Vftt*

MOtA

IMCIAL *lfl<
rilONTlNO
MOCSOURU

UNUSUAL »IRJ

KAZARO

Carbon dioxide, dry chemical foam or other media for
Class B fires.
Wear self-contained breathing apparatus when fighting fire
1n confined area.

Forms combustible and/or explosive mixture with air.

V HEALTH HAZARD INFORMATION
NiALTH HAZARD DATA

ROUTU Of ixrotuftf i
ww.xi.iTio-. TLY 500 ppa • .
9*im v^niAfci

SJUN AMOReTlOM

IY« CONTACT ,

M64CTIOM

tfUGlt Of OvtMi«»o*WM< Vapors are Intoxicating, narcotic and irritating to
nucous membranes of the lungs. 'Prolonged contact with skin

»*»»• Flush 15 minutes with water". Call physician if irritation persists.
****' Wash with soap and large quantities of water.
MBM jfttiT frftf*- »^ If overcome by vapors, remove victim from contaminated area.
^̂ Jjfeathing nas stopped, yiVti arUT'lCldl1

' nn r,OT indn^ff vomitino. Call physician'.
»«TaTOfMYs«:.AN Product Is a mixtura-of surfictanU, iBK.45if1ers and
organic solvents 1n a petrolet-in distillate base.

• INi TM M*mi 0-P.̂ y

««commtndid MSDS
200451



OSHA MANUAL ' * STEPS

VI REACTIVITY DATA

COWp.T̂ rOMt COMTftt*UTtMG TO INSTABILITY

Stable under most conditions. Forms combustible and/or explosive mixtures
wTtn aTr ana/or oxygen._______________________________________________ _____

HA-UftOOUt 0*CO*tK«4TrOM fROOUCTS

COttomoN* cONTRtaunwa TO KAZAR

Will not occur.
VII SPILL OR LEAK PROCEDURES

fWi TO u TAJUM \t UATUMAI. is Mttu.ua OR sftutso
Keep from sources of ignition. Spilled material may be pumped into
another container or adsorbed with adsorbent. t

None necessary.

«*A4TI OUFOSAL 4WTX08

Incineration in accordance with applicable local, state and federal
regulations.

VIII SPECIAL PROTECTION INFORMATION
VtMTIlATIOM RtOU<R**iRTt

General mechanical ventilation to keep product concentrations within
specified time weighed TLV ranges.

stone rtA*OMAL fROTtcrivc towmtMt
»HSfiRATo«Y«^tc»»viNo«TAiu Use self-contained or supply air masks for

entering areas of concentrated vapor.
SY» Chemical-type goggles or face shields recommended.
ObOVtS Use rubber gloves impermeable to petroleum solvent.
OTHM CLOTHING AMO {OUIFMtMT

Availability of safety showers and eye washes In work areas recommended.

Rtcomm«n<frd MSOS Format - Third P«gt
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STEP 5 « OSHA MANUAL

IX SPECIAL PRECAUTIONS
ttU CAUTIONARY
STATEMENTS

DOT classification: Combustible liquid. Avoid getting into
eyes and prolonged contact with skin.

Avoid inhalation of vapors.

OTMtK MANOUXi AMO
STORACt ftfOUACMtNTS

Keep product containers closed, dry and away from, sources of ignition.

Store in well ventilated area.

ADCp. inc.________Robert Risner

AOORUS:

January 2, 1985

R»comm««d«d MSDS Format - Fourth

S-25p
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OSHA MANUAL STEP

"a! "*
• *4J f«O

J- S-
UJ 4) *-o: c cae v a<C -w c:c-c «=
O Ot C . —
UJ^
H- -0
_l 0»

- Jk C

f §1
S *£* ?»w J-
< S f

TINQ (KEY WORO — RE: HEALTH HA2ARO — TOXICITY)

1 Sliqht health hazard f

(KEY WO«O — «E: COMBUSTIBILITY - PLAMMA8ICITY},

1 Slightly combustible

(KEY WORO - RCi REACTIVITY}

0 Nonreactive

iOTE: Estimates base
cnown hazards of comp
jnd/or use experience

V.

>d on
onents
^

MATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

MAMU-ACTURtR-SNA***: ADCO , IrtC.

AOORCSS 90Q M>

TRADE NAME

SYNONYMS

Main, Sedalia, MO 65301
ADCO-LITE CHARGE

none

RtCULAR TELEPHONE NO. fl1K.fl?fx_33nO
tMtRC6NCYT€L£»>40MtMO. IW OC -f-Jvv

II HAZARDOUS INGREDIENTS
MATERIAL OR COMeOMCMT

Product not considered hazardous under

current Department of Labor regulations.

» MAZAHUUAiA

t
1

Ill PHYSICAL DATA
•OIL.MG POINT. 760 MM

SFtCl'IC CMAYITY IMjO

VAeHX OtMSlTY (Alfl- I

X VOCATM.iS «Y VOL

*/* (ARA*<t AMO ooo*

** 230°F
0.971/20°C
N/A

0
4 thick fluorescent ora

MtLTIMUKllMT

VAPUH PHESSUHE

N/A
N/A

SULUHUITY IMMjO. X»T UrT Slight

EVAPORATION HAH IBOTYI ACETAH M ^/A

ige liquid, bland odor

v>

••

**•
Recommended MSOS Format - First Page

§-2S«
O IMI TM MirrtU C<
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STEP 5 OSHA MANUAL

FLASH POINT
(TEST MCTHOOI

AUTOrCMITtOM

None tO 230°F (PM) T.MP.RATURC N/£

FLAMUACLC LIMITS IM A4R. * »Y VOL. ft/f( LOWER i*f£ll

CXTINCUISHMVG
MCO(A

SMCIAL PlR«
PfCMTIMO
pnoceouAC«

UNUSUAL HM
AMOtXPLOSION
HAZARD

water

none necessary

none

IV FIRE AND EXPLOSION DATA

V HEALTH HAZARD INFORMATION
HCALTH HAZARD DATA

ROUTESoFfxrosuRc No data available on this blended product. Hazard estimates
based on known hazards of components.

INHALATION

SKIN CONTACT

CYC CONTACT

INCCSTION

fMECTSOF OVERCXPOSURf
ACUTJov<Rixpo*uR< Prolonged contact with skin may cause irritation.
CHRONIC

EMERGENCY AND FIRST AID PROCEDURES

15 minutes with water. Call physician if irritation persists.
SKIN' Wa<:h with soap and large quantities of water.
INHALATION: None necessary
INOESTION Give two glasses of water; induce vomiting. Repeat until
——————vmuit i5 clear.—Call physician,—————————————————

MOTES TO PHYSICIAN - — ' ——
Product contains a mixture of organic surfactants and
emulsifiers.

Recommafedad MSOS Format - Second Page

TIM ««»irui Ctm»«» . S—Jga
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4

OSHA MANUAL

VI REACTIVITY DATA

CONP»X>OMS CONTRIBUTING TO INSTABILITY

Stable under most conditions,
INCOMfATMHUTV

none
UUAROOU* 0«CO-»0«.TION PRODUCTS

COMOmOM* GONTR4«UTtM4 TO H

Will not occur.

VII SPILL OR LEAK PROCEDURES
STSM TO M TAK&N l̂  MATiftlAt IS ML£AtCO

Flush small spills with adequate amounts of water. Shovel up larger
spills into container for disposal.

MfUTItAUZlN6 OOMICAU

METHOD
Incineration in accordance with all local, state and federal regulations.

VIII SPECIAL PROTECTION INFORMATION
VtMTiLATIOM RCOUMtMtMTS

Normal

tn&f\C ftllCOMAL PROTICTtVC COUiPMtMT

None necessary

Safety glasses, goggles or face shield recommended.
OLOVU
______Rubber gloves recotmiended.
OTHf R CU5TH4MC AMO EOUIMMNT

Availability of eye washes and safety showers -in work area reconnended.

R*comrmnd«d MSOS Format - Third Pag*
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OSHA MANUAL

IX SPECIAL PRECAUTIONS
PRECAUTIONARY
STAUMCNTS

OTHCR HAMOLWC AMO
STORAGE RCOMRtttttTt

Keep containers closed,

ADCO. Inc._______Robert Risner

OOQREM

OAT! December 11, 1984_____
R*comm«nd«d MSOS Format - Fourth Pagt
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REGION III
841 Chestnut Building

Philadelphia, Pennsylvania 19107

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

In Reply Refer to: 3HW23
JUN 2 4 1386

Mr. Harry M. Maurer, President
Gentle Cleaners, Incorporated
162 North Main Street
Souderton, Pennsylvania 1S96*

Re: North Penn Water Authority Municipal Well Contamination

Dear Mr. Maurer:

The Environmental Protection Agency (EPA) is seeking information concerning a
release, or the threat of a release, of hazardous substances into the environment.
Pursuant to the authority of Section 3007 (a) of the Resource Conservation and
Recovery Act ("RCRA"), *2 U.S.C. Section 6927 (a), and Section 10* (e) of the
Comprehensive Environmental Response, Compensation, and Liability Act of 19SO
("CERCLA"), 42 U.S.C. Section 960* (e), your company is requested to furnish all
information and documents in your possession, custody or control, or in the
possession, custody or control of any of the officers, employees or agents which
concern, refer, or relate to hazardous substances as defined by Section 101 (1*) of
CERCLA, *2 U.S.C. Section 9601 (1*), particularly any organic compounds which
may have been used, transported to, or stored, or disposed of at your facility or in
the surrounding area.

All information and documents requested are due to the address listed below within
ten (10) calendar days or receipt of this letter.

The response should include, but not be limited to, information and documentation
concerning:

1. The types and quantities of the hazardous substances' used at or sent to your
facility;

2. The date(s) such substances were used at or sent to your facility;

3. The state (i.e., liquid, solid, or gaseous) of the substances used at or sent to
your facility, and the manner in which the substances were stored or disposed
(i.e., drummed or uncontained, placed in lagoons, landfilled, placed in piles,
etc.);



*. Any correspondence between your facility and any regulatory agencies
regarding such substances;

5. Any correspondence between your facility and any third party regarding such
substances;

6. The identity of, and documents relating to, any other person who generated,
treated, stored, transported, or disposed, or who arranged for the treatment,
storage, disposal, or transportation of such substances to your facility;

7. Copies of any deeds, rights-of-way, leases, or other real interests which you
"i may have in your possession.

As used herein, the term "documents" means writings (handwritten, typed or
otherwise produced or reproduced) and includes, but is not limited to, any invoices,
checks, receipts, bills of lading, weight receipts, toll receipts, correspondence,
offers, contracts, agreements, deeds, leases, manifests, licenses, permits, bids,
proposals, logs, books of original entry, minutes of meetings, memoranda, notes,
calendar or diary entries, agendas, bulletins, notices, announcements, charts, maps,
photographs, drawings, manuals, brochures, reports of scientific study or
investigation, schedules, price lists, telegrams, teletypes, phono-records, magnetic
voice or video records, tapes, summaries, magnetic tapes, punch cards, recordings,
discs, computer printouts, or other data compilations from which information can
be obtained or translated.

You are entitled to assert a claim of business confidentiality covering part of the
submitted information, in the manner described in *0 C.F.R. Section 2.203(b).
Information subject to a claim of business confidentiality will be made available to
the public only in accordance with the procedures set forth in *0 C.F.R. Part 2,
Subpart B. Unless a business confidentiality claim is asserted at the time the
requested information is submitted, EPA may make this information available to
the public without further notice to you.

Please send the required information to:

Lorie Acker
U.S. Environmental Protection Agency, Region III
Site Investigation and Support Section (3HW23)
8*1 Chestnut Building, 6th Floor
Philadelphia, PA 19107



£ yê uei?v,etAny questions concerning this matter, please contact Lone Acker at
(215) 597-3165.

Sincerely,
s-' /

Enciosure(s): Location Map

cc: Donald Lazarchik

Thomas C. ^
Superfund Branch '

200461
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GENTiLE CLEANERS

CONCENTRATIONS

>500 uq/L

100 ug/L - 500 ug/L

25 ug/L - 100 ug/L

5 ug/L - 25 ug/L

0.5 ug/L - 5 ug/L
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
' REGION III

841 Chestnut Building
Philadelphia, Pennsylvania 19107

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

In Reply Refer to: 3HW23 JUN 2 4 1386

Mr. Lake Clemmer, President
Granite Knitting Mills, Incorporated
P.O. Box 285
Souderton, Pennsylvania 1896*

Re: North Penn Water Authority Municipal Well Contamination

Dear Mr. Clemmer:

The Environmental Protection Agency (EPA) is seeking information concerning a
release, or the threat of a release, of hazardous substances into the environment.
Pursuant to the authority of Section 3007 (a) of the Resource Conservation and
Recovery Act ("RCRA"), *2 U.S.C. Section 6927 (a), and Section 10* (e) of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
("CERCLA "), *2 ILS.C. Section 9604 (e), your company is requested to furnish all
information and documents in your possession, custody or control, or in the
possession, custody or control of any of the officers, employees or agents which
concern, refer, or relate to hazardous substances as defined by Section 101 (14) of
CERCLA, 42 U.S.C. Section 9601 (14), particularly any organic compounds which
may have been used, transported to, or stored, or disposed of at your facility or in
the surrounding area.

All information and documents requested are due to the address listed below within
ten (10) calendar days or receipt of this letter.

The response should include, but not be limited to, information and documentation
concerning:

1. The types and quantities of the hazardous substances used at or sent to your
facility;

2. The date(s) such substances were used at or sent to your facility;

3. The state (i.e., liquid, solid, or gaseous) of the substances used at or sent to
your facility, and the manner in which the substances were stored or disposed
(i.e., drummed or uncontained, placed in lagoons, landfilled, placed in piles,
etc.);

'2094
200466



*. Any correspondence between your facility and any regulatory agencies
regarding such substances;

5. Any correspondence between your facility and any third party regarding such
substances;

6. The identity of, and documents relating to, any other person who generated,
treated, stored, transported, or disposed, or who arranged for the treatment,
storage, disposal, or transportation of such substances to your facility;

7. Copies of any deeds, rights-of-way, leases, or other real interests which you
may have in your possession.

As used herein, the term "documents" means writings (handwritten, typed or
otherwise produced or reproduced) and includes, but is not limited to, any invoices,
checks, receipts, bills of lading, weight receipts, toll receipts, correspondence,
offers, contracts, agreements, deeds, leases, manifests, licenses, permits, bids,
proposals, logs, books of original entry, minutes of meetings, memoranda, notes,
calendar or diary entries, agendas, bulletins, notices, announcements, charts, maps,
photographs, drawings, manuals, brochures, reports of scientific study or
investigation, schedules, price lists, telegrams, teletypes, phono-records, magnetic
voice or video records, tapes, summaries, magnetic tapes, punch cards, recordings,
discs, computer printouts, or other data compilations from which information can
be obtained or translated.

You are entitled to assert a claim of business confidentiality covering part of the
submitted information, in the manner described in 40 C.F.R. Section 2.203(b).
Information subject to a claim of business confidentiality will be made available to
the public only in accordance with the procedures set forth in 40 C.F.R. Part 2,
Subpart B. Unless a business confidentiality claim is asserted at the time the
requested information is submitted, EPA may make this information available to
the public without further notice to you.

Please send the required information to:

Lorie Acker
U.S. Environmental Protection Agency, Region III
Site Investigation and Support Section (3HW23)
8*1 Chestnut Building, 6th Floor
Philadelphia, PA 19107

20046?



If you have any questions concerning this matter, please contact Lorie Acker at
(215)597-3165.'

Sincerely,

Thomas C. Voltaggflo/C
Superfund Branch'̂ ^̂

Enclosure(s): Location Map

cc: Donald Lazarchik



., _ —-- — —. ffs >M , K-f̂ k.
GRANITE KNITTING MILLS__ffr̂ j i — -.- -

25 ug/L - 100 ug/L
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. UNITED STATES ENVIRONMENTAL "RCTEC ;"iC.\: .-.C-i. -.';':
Ti REGION IIIj
j 841 Chestnut Buiicmg

X .*x.̂  Philadelphia, Pennsylvania 19107 P. /k± ,-

CERTIFIED MAIL JUN 2 4 t986
RETURN RECEIPT REQUESTED

In Reply Refer to: 3HW23

Mr. Paul Derstein
220 West Reliance Road
Souderton, Pennsylvania 1896*

Re: North Penn Water Authority Municipal Well Contamination

Dear Mr. Derstein:

The Environmental Protection Agency (EPA) is seeking information concerning a
release, or the threat of a release, of hazardous substances into the environment.
Pursuant to the authority of Section 3007 (a) of the Resource Conservation and
Recovery Act ("RCRA"), 42 U.S.C. Section 6927 (a), and Section 10* (e) of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
("CERCLA"), 42 LLS.C. Section 9604 (e), your company is requested to furnish ail
information and documents in your possession, custody or control, or in the
possession, custody or control of any of the officers, employees or agents which
concern, refer, or relate to hazardous substances as defined by Section 101 (14) of
CERCLA, 42 U.5.C. Section 9601 (14), particularly any organic compounds which
may have been used, transported to, or stored, or disposed of at your facility or in
the surrounding area.

All information and documents requested are due to the address listed below within
ten (10) calendar days or receipt of this letter.

The response should include, but not be limited to, information and documentation
concerning:

1. The types and quantities of the hazardous substances used at or sent to your
facility;

2. The date(s) such substances were used at or sent to your facility;

3. The state (i.e., liquid, solid, or gaseous) of the substances used at or sent to
your facility, and the manner in which the substances were stored or disposed
(i.e., drummed or uncontained, placed in lagoons, landfiiled, placed in piles,
etc.);

200472



*. Any correspondence between your facility and any regulatory agencies
regarding such substances;

5. Any correspondence between your facility and any third party regarding such
substances;

6. The identity of, and documents relating to, any other person who generated,
treated, stored, transported, or disposed, or who arranged for the treatment,
storage, disposal, or transportation of such substances to your facility;

7. Copies of any deeds, rights-of-way, leases, or other real interests which you
may have in your possession.

As used herein, the term "documents" means writings (handwritten, typed or
otherwise produced or reproduced) and includes, but is not limited to, any invoices,
checks, receipts, bills of lading, weight receipts, toil receipts, correspondence,
offers, contracts, agreements, deeds, leases, manifests, licenses, permits, bids,
proposals, logs, books of original entry, minutes of meetings, memoranda, notes,
calendar or diary entries, agendas, bulletins, notices, announcements, charts, maps,
photographs, drawings, manuals, brochures, reports of scientific study or
investigation, schedules, price lists, telegrams, teletypes, phono-records, magnetic
voice or video records, tapes, summaries, magnetic tapes, punch cards, recordings,
discs, computer printouts, or other data compilations from which information can
be obtained or translated.

You are entitled to assert a claim of business confidentiality covering part of the
submitted information, in the manner described in 40.C.F.R. Section 2.203(b).
Information subject to a claim of business confidentiality will be made available to
the public only in accordance with the procedures set forth in 40 C.F.R. Part 2,
Subpart B. Unless a business confidentiality claim is asserted at" the time the
requested information is submitted, EPA may make this information available to
the public without further notice to you.

Please send the required information to:

Lorie Acker
U.5. Environmental Protection Agency, Region III
Site Investigation and Support-Section (3HW23)
8*1 Chestnut Building, 6th Floor
Philadelphia, PA 19107

200473



If you have any questions concerning this matter, please contact Lorie Acker at
(215)597-3165.

Sincerely,

( -
Thomas C. Voltaggio/CAief
Superfund Branch

Enciosure(s): Location Map

cc: Donald Lazarchik

200474
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' — '•--•'£• Souderton. Pa. 18964
June 27, 1986

Lorie Acker
U.S. Environmental Protection Agency, Regionlll
Site Investigation and Support Section (3HW23)
841 Chestnut Building, 6th Floor
Philadelphia, Pa. 19107

Gentlemen:

In response to your letter of June 23, 1986, 3HW23, I purchased

the property at 142 West Street in 1976 and converted it into

apartments. I never received nor used any hazardous substances at
^

this property.

Very truly yours,

PARKSIDE APARTMENTS

Paul G. Derstein

PGDrnnm
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Anotvn lo m* (or ttiulictorily r̂nt'ritj too7~*tn~ff'ln* detcnbtd tn /Ar /orffoinf
ini/rbnif«(. aad̂ trtltti-vtrttz' thai kf fxrrvtfd fflr lamr m /Ar ftlftafity ltirreinTJttt*d^and /or /Ar furpotrt

/» H'imMi ICAcr/u/. / hfrruniii in my Aanrf W official iral.

OB /AW, t*» -14th— d,-j oi— August— H>84, Wo« mr, the subscriber, a Notary |
Public in and for the Commonwealth of Pennsylvania, residing in che '.
Borough o£ Souderton,-—————————————————— _ . _̂ .g'a'————— in
—————=———————————— fir *ndtriit*td oficer, ftnoitoliy »ffnnd LHKt 3 tLEmmt i-i>

II'
ii'Ao ectnauiltditJ himlttl (kirtill) tu bt (A. ijlioû b/rct !||

o/-GRANITE KNITTING _MILLS . INC. ———————— • corforatio*. «•«/ |A«I Ar «. ;uc*
. O?TU%1'V T̂''̂'']r̂"'A"nt"' ln ̂  Jw' '*«**"*« '*<* fnrtK»i*K injtrvmrnt lor tke purpojet tktrrin cnnlainrj fry ti^nine.

tkr ittme «/ ikf torforatir-* by kimitlt (krnril) ai CjlcOiiOj'iTfc.
/ft It't'iii*-- H'kertot, / Afrrunfo ;;( my k&nd and official teal.

O

ThcflddreSS ~ of the wirhin-named Mortgagee
lowest Broad Street
Souderton, PA 18964 . .._.,. ..Souderton.

If.
On 'behalf of the Mortgagee
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in Murtgage Boiilc Nn page lie.

Btittirtl my hand and seal uf (Hfirc this
<lay of Anno Diintmi 19

Krconlf i

Ut-puly Kecortler
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— 14th

day of —— August —————— in the year of our Lord one thousand
nine hundred and eighty-four (1984). —— &*tux£*n GRANITE KNITTING
MILLS, INC.. a. Pennsylvania corporation, with principal office at
Second Street and General Avenue, Souderton, Montgomery County, ___

' —————— '- ————————————————————— (hcrcinifter ealtnl th« M<xti»px), of tht one part, and
UNION, NATIONAL _BAM..AHB. TRUST COMPANY OF SOUPERTON,. a national bank-
ing corporation", with principal office in the Borough of Souderton,
County of Montgomery, and State of Pennsylvania.-- -— ——— — — - — - —————— - ———————— - ——— — ———————————————— (hertinalur calkd tkt Mortgagee), of the other pirt,

Staff P1TPQS, the Mortgagor, In and by a certain Obligation or Writing, obligatory under thc hand and seal of thc
Mortgagor, duly executed. bearing even date herewith, stands firmly bound unto the Montage, in the sum of ONE
HUNDRED SIXTY -TWO THOUSAND FIVE HUNDRED ($162,500.00) ——————— Doll»«,
lawful money of the United States of America, conditioned for the payment to the Mortgagee ol the just torn of ONE
HUNDRED SIXTY-TWO THOUSAND FIVE HUNDRED DOLLARS ($162,500.00), law-
ful money as aforesaid, payable within two (2) years from che date
hereof, together with interest at the rate of ten and one-quarter
percent (10-1/4%) per annum, on the unpaid balance of the principal
sum; principal Co be payable in monthly installments of Two Thousand
Seven Hundred Eight Dollars ($2,708.00), together with interest,
payable monthly, at the aforesaid rate, beginning on the 14th day
of September , 1984, and Che same amount on che 14th day of each
month thereafter until such principal and interest are fully paid;

' the entire outstanding balance to be due and payable on the 14th
day of August , 1986; —————————————————————————————————

withuut any fraud iir further drily; and further conditioned to keep and maintain at all limn, until the full discharge of
the said Obligation, a fire insurance policy or policies, with extended coverage endorsement, in food and approved company
or companies, duly assigned as collateral security to the Mortgager, tu an amount nut leu than One Hundred

Sixty-Two Thousand Five Hundred ($162,500.00) ————————————— Dollars,
lit (urm, as shall be required and be satisfactory to Mortgagee, upon ln« buildings on the premises hereinafter described; and
further for the |iru<Juction to the Mortgagee, on or before the —— first ———————— <lay of — December ——
—— ———— — — —— — ' ————— —— — —— ————— - ————— of each and every year, of receipts for all tazet,
walrr rrnts and sewer rents of the current year assessed upon the mortgaged premise* and receipts for aM other charges and
claims which shall IK might have priority in lien or payment to the debt secured hereby; and shall keep and maintain the
mortgaged premises in good condition and repair and shall not cause any structural or material change tu be made without
tifsl having ..cured the approval, in writing, of the Mortgagee; « — — — - — —————————— __——_«. ———————— . —— .

|lrouihr&, riouimrr, and u is thereby expressly agreed, that if at any time default shall be made in the payment of
said principal _um nr any balance thereof at maturity, or of an installment of principal and of interest as aforesaid, for the
space of — fifteen (15) —— days after such payment thereof shall fall due; or, in the prompt and punctual
maintenance c.( tire insurance with extended coverage to assigned at aforesaid; or, in the production to the Mortgagee, on
or before the • —— • f irSt ———————— day of — December — - — — of each and every year, of receipt!
for such taxes, water rent, jnd sewer rents of the current year assessed upon the premise* mortgaged and receipts fur all
other charges and claims which shall »r might have priority in lien or payment to the debt secured hereby; or, shall fail to
keep and maintain the mortgaged premises in good condition and repair, or, without written approval shall cause a structural
nr material change t» he made: then and in such caw the whole principal debt aforesaid nr so muck thereof as shall then
remain unpaid .hall, at the option of the Mortgagee, become due and payable immediately, and payment uf swd principal debt,
ur all unpaid insfallmrntc ihrW and all interest thereon, may be enforced and recovered at owe, anything therein ttmtaiiwd
<o the ri.ncrary niitwuh.ijmling: that thereupon a Writ of Kxecutinn is properly issued upon the judgment obtained upon
said Obligation, «r by virtue of said Warrant of Attorney, or a Complaint or any other legal ptocecding is pru|»crly filed, based
unim this Inifiriiiurr ..I Mortgage, thai an Jtlom.y'i cummitimn fur citileciinn vi«: Kivc per rrnl. <•) the indebli'dneti or
Two Hundred IX.lljl., whichever is lit. larger amount, shall be payable, and shall be recovered in adjllxm lo all principal and
interest lw.nlek t-mr* uf .1111. as in and by the said recited Obligation and the Condition theteof, relation Wing thereunto
had, nuj more full) and at large appear. _____ —————————————————————————— . —— _ ————————— .

ttjlS Htt&imtUri* UlttneCaetlj, ll,., the MMI*.**. as .ell f.« anJ „. consideration u!

''.Vi'l? %"'i «ebl '" 1"">°P-'1 lum "' One Hundred Sixty-Two Thousand Five Hundred
(?102,500.00) ——————— ——————————————————————————————————————————— Dollars,

and for the better seeming tin- payment of the lame, with interest a» aforesaid, unto th- Mortgagee, m discharge ol the
said rented Obligation, as lot and in consideration of (he futther mm of One IfcJIar unto the Motlgaprf in hanil well and
llulv paid b> ihe Moilgagu .1 ami ix-f..ie llir .i-alulg ami delivety In-Ki.l, the reieipt wl.ewl u helrl.y a»-|.n..wledged, hath
grantej, harifjiiifd, >old, rrleaked and conhrmed, and by these presents doth grant, balsam, veil, lelease JHI! conhlm unto
the Muttgagee, ics successors and assigns, ——————————— - — — —— - —————
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PREMISES A .

ALL THAT CERTAIN hosiery mill, with the boiler house and !l'
other attachments , and tract or piece of land, situate in the afore- 18
said Borough of Souderton, County of Montgomery and State of 'jj
Pennsylvania, and according to a recent survey made by Charles N. !||
Gerhart of Telford, Pennsylvania, bounded and described as follows, to |
wit. ——————————————————————————————————————— ——— ....... ...... -I

!••
BEGINNING at a corner, a point in the curb line of what is l

now Green Street, in the aforesaid Borough (being a public road i
leading from the Harleysville and Souders Station Turnpike Road to the I
Cowpath Road) on the Southeasterly side thereof and in a line of lands
now or late of Samuel W. Brey, thence along the lands of the same
South thirty-eight degrees and one-quarter East one hundred fifty feet ;
to a post, a corner; thence still by the same lands and also along
lands now of Annie Blank North fifty-one degrees East eighty-four and
five one-tentha feet to a post, a corner of lands now or late of '.
Harvey S. Souden thence along the same South thirty-eight degrees and !
one-quarter East five feet to a post, a corner; thence still by the ;;.
same lands North fifty-one degrees East five feet to a post, a corner >,
of lands of Michael B. Bergey; thence along che same South thirty-one jj:
degrees and one-half East seventy feet to a stake in an alley, paral- !|
lei or nearly so with Hillside Avenue; thence along the Northwestern i!
side of said alley South sixty-one degrees and one-quarter West one .,
hundred seventy-eight and eight one-tenths feet to a stake a corner at ;
the intersection of the side of the aforesaid alley with another alley j,,
twenty feet wide running from the aforesaid alley to the aforesaid |ji
Green Street; thence extending along the last mentioned twenty feet .!
alley on the Easterly side thereof North thirty-eight degrees and '•
one-quarter West one hundred ninety-two and three one-tenths feet to a .J,
point in the Southeastern curb line of the aforesaid Green Street, a j
corner; thence along the said curb line North fifty-one degrees East r
ninety-six and four one-tenths feet to the place of beginning. ————— j

CONTAINING ninety-one and eighty-five one-hundredths square '.
perches of land .more or less. ————————————————————————————— --• '•

BEING the same premises which Clayton K. Gotwals and Lillian i;
Gotwals, his wife, by deed dated June 3, 1914, and recorded in the ,<
Office for .the Recording of Deeds in and for the County of Montgomery , ;
at Norristown, Pennsylvania, in Deed Book No. 716, page A98, granted
and conveyed unto M. B. Bergey Company, a Pennsylvania corporation, ;
its successors and assigns, in fee.' ——————— — ————————————— —— • ;

ALL THAT CERTAIIj lot or piece of land, 'situate in the
Borough of Souderton , County of Montgomery and State of Pennsylvania,
bounded and described as follows, to wit: — - —— - ———————————————

ESfilNNIN-G at an iron pin on the Northwesterly side of a
twelve foot wide alley, a corner of this and other land of the M. B.
Bergey Company, thence along the land of the said M. B. Bergey Company
North twenty-six degrees West seventy feet to an iron pin, a corner in
line of land of Harvey Souder; thence along the same North fifty-nine
degrees East one hundred eighteen feet and five one-tenths of a foot
to an iron pin in line of said Harvey Souder 's land and a corner of
other land of the said Kate K. Beale; thence along the said Kate K.
Scale's land South twenty-one degrees thirty minutes East eighty-nine
and seven one-tenths feet to an iron pin a corner on the northwesterly
side of the aforesaid twelve foot wide alley; thence along the same
South sixty-eight degrees thirty minutes West one hundred eleven and
two one-tenths feet to the place of beginning. ——————————————————

CONTAINING nine thousand one hundred five square feet of

BEING the same premises which Katie K. Beale and Earle T.
Beale, her husband, by deed dated February 20, 1932, and recorded in
the Office for the Recording of Deeds in and for the County of Mont-
gomery, at Norristown, Pennsylvania, in Deed Book No. 1142, page 253,
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granted and conveyed unto M. B. Bergey Company, a Pennsylvania
corporation, its successors and assigns, in fee.- —————————————

Pj£MISES_C

ALL THAT CERTAIN messuage and tract of land, situate in the
Borough of Souderton, 'County of Montgomery and State of Pennsylvania,
bounded and described as follows, to wit: —————————————— — • —— — -

gEG^NNItjG at a stake for a corner in the line of a public
road and land of a public road and land of Michael B. Bergey (now
lands of William Blank); thence along said road, now called Green
Street, South fifty degrees West fifty-four feet to a stake a corner
of late Michael B. Bergey' s land; thence along the same the following
two courses and distances viz: South forty degrees East one hundred
fifty feet to a stake a corner and North fifty degrees East fifty-four
feet to a stake a corner in the line of the aforesaid William Blank's
land; thence along the same North forty degrees West one hundred fifty
feet to the place of beginning. ————————————————————————

CONTAINING eight thousand one hundred square feet of land
more or less. ——————— - ———— - ———— - ——————— -————~— —— •—-—————-

BEIHC the same premises which Vincent H. Dorn and Lillian M.
Dorn, his wife, by deed dated June 17, 1935, and recorded in the
Office for the Recording of Deeds in and for the County of Montgomery,
at Norristown, Pennsylvania, in Deed Book No. 1196, page 160, granted
and conveyed unto M. B. Bergey Company, a Pennsylvania corporation,
its successors and assigns, in fee. • ——————— • —— -• ———— .....

ALL THAT CERTAIN messuage and tract of land along Green
Street in the Borough" of Souderton, Montgomery County, Pennsylvania
bounded and described according to recent survey and plan dated
February 18, 1942, as prepared by Stanley F. Moyer, R.S. , as follows,
to wit: ——————— • —— -- ———————————————————————————————— •- — — -- •--

iy£GJJtJtiIli£ at a mark in the South curb line of Green Street a
forty-four feet wide stre t said mark being a corner of other land of
Grantor and two hundred seventy-one and forty-seven one-hundredths
feet Southwest of the intersection of the South curb line of Green
Street and the West curb line of Main Street a forty-nine feet wide
street; thence along other lands of grantor of which this was a part
South forty degrees East the distance of one hundred fifty-six and
seventy-five one-hundredths feet to an iron pin a corner in line of
lands of the Granite Hosiery Mills, Inc.; thence along the same the
next four courses and dis'tances South fifty degrees forty-eight
minutes West the distance of ninety-six and fifty one-hundredths feet
to an iron pin; thence North forty degrees West the distance of five
feet to an iron pin; thence South fifty degrees torty-eight minutes
West che distance of thirty and five one-tenths feet to an iron pin;
thence North thirty-nine degrees fifteen minutes West the distance of
one hundred fifty feet the curb line of Green Street; thence along Che
same North fifty degrees East the distance of one hundred twenty-five
feet to the point of beginning. —————————————————————— ' — —— ~

CONTAI.14JN5 nineteen thousand four hundred eighty-five square
feet of landmore or less. ———————— - —————————————————— —— " — •

BEING the same premises which Lizzie Souder, widow; Walter
B. Souder and Ada B. Souder, his wife, by deed dated April 20, 1942,
and recorded in the Office for the Recording of Deeds in and for the
County of Montgomery, at Norristown, Pennsylvania, in Deed Book No.
1459, page 200, granted and conveyed unto Granite Hosiery Mills, Inc.,
a Pennsylvania corporation, its successors and assigns, in fee. ———— -

h of Souderton,
ac cord-

and improvements thereon erected
County of Montgomeryiind
ing to a ~
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Stanley F. Moyer, Registered Surveyor and Professional Engineer,
Souderton, Pennsylvania, as follows, to wit: ————————————'-———

\ BEGINNING at an iron pin marking the intersection of the
center line o? Central Avenue (forty feet wide) and/lkfrth Second
Street (thirty-eight feet wide); thence along the center/Tine of North
Second\Street South thirty-five degrees thirty-nine n̂ E-iutes East the
distance-, of three hundred nineteen and eighty-nine one-hundredths feet
to a spike\a corner; thence along lands now or late/of Electric Realty
Company South fifty-five degrees seventeen minut« West the distance
of four hundred twenty-nine and fifteen one-hundredths feet to an iron
pin in the EasCv side line of the North Pennsylvania Railroad; thence
along the same Nxirth thirty-five degrees fopty-nine minutes West the
distance of sixty\and fifty one-hundredths* feet to a rail monument;
thence still along che same North thirty-̂ Lx degrees nineteen minutes
West the distance Nof two hundred /̂ fifty-four and thirty-nine
one-hundredths feet to\a spike in the/jeenter line of Central Avenue;
thence along the same Nofrth fifty-four/degrees thirty-six minutes East
the distance of fours, hundred// thirty-two and thirty-three
one-hundredths feet to the place of /beginning. ————— —— _._-- —-

CONTAINING three and\on£ hundred thirty-six one-thousandths
acres of land, more or less.——\———————————————————•-——-

&E.ING the same premises \hich James S. Clemens and Matilda
S. Clemens, his wife, and Abfam S. (Siemens and Laura F. Clemens, his
wife, by deed dated April y, 1968, and\recorded in the Office for the
Recording of Deeds in .and/for the Countyvof Montgomery, at Norristown,
Pennsylvania, in Deed Bcfok No. 3506, pafee 405, granted and conveyed
unto Granite Knitting .Mills, Inc., a Pennsylvania corporation, its
successors and assigns/̂  in fee.

__ the safd M. B. Bergey Company and\Granite Hosiery Mills,
Inc., are now knowiyas Granite Knitting Mills, I.

AND TOOTHER WITH all fixtures, and all m-ichinery, equipment
and other articles of" property of any nature whatsoever owned by the
Mortgagor, whether real estate or not, now or at anV time hereafter
attached to XOQ used or intended to b® used in connection with, or in
the operaciiMi or maintenance of, the real estate or theNaanufacturing
buildings /4nd improvements erected or hereafter erectedXthereon and
owned by/^ne Mortgagor, which shall include, but not be rdmited to,
all lighting, heating, ventilating, air conditioning, sprinkling and
plumbing fixtures and systems, water and power systems, engvnes and
machinery, boilers, ranges, furnaces plants or units, communication
systems, dynamos, transformers, generators, electrical equipment,
storwand screen windows, doors, decorations, awnings, shades, srgns,
and trees, shrubbery and other plantings. ——
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. with »» and singular the Buildings, Streets, Alleys, Passages, Ways, Water-courses, Rights, Liberties,
Privileges, Improvements, Hereditaments and Appurtenances whatsoever theteunto belonging, or in any wise appertaining,
and the Reversions and Remainders, Rents, Issues and Profits thereof. ——————— ——— "

flttfi tO tpOlft the said Lot or piece ol Ground above described, with the Messuage or Tenement
thereon erected, Hereditaments and Premises hereby granted, or mentioned and intended so to be, with the Appurtenance!,
nto the Mortgagee, to and (or the only proper uae and behoof oi the Mortgagee. • — —— ———— -^

aluiat|S, nevertheless, that if thc Mortgagor does and shall well and truly pay, or cause to be
paid, unto the Mortgagee, the aforesaid debt or principal sum or balance of principal sum at maturity, or of said principal
sum in installments on the days and timei hereinbefore mentioned and appointed for payment of the same, together with
interest as aforesaid, and shall produce to the Mortgagee, on or before the • — - — —— f irSt —— —— ——— - day of
—— December • ————— of each and every year, receipts for all taxes, water rents, sewer tents »f the current year
assessed upon thc mortgaged premises and receipts for all other charges and claims which shall or might have prierfity in lien
or payment 10 the debt secured hereby and shall keep and maintain said fire insurance with extended coverage so assigned
as aforesaid, without any fraud or further delay, and without any deduction, defalcation, or abatement to be made of any-
thing, herein mentioned to be paid or done, and shall keep and maintain the mortgaged premises in good condition and repair,
then, and {torn thenceforth, as well this present Inbrnturv and thc estate hereby granted, as the said recited Obligation
shall cease, determine and become void, anything hereinbefore contained to the contrary thereof, in any wise notwithstanding.

,
of each and every year, of such receipt! for such taxes, w»ter rents, sewer rents

ue ou ow upon a ompant i.r any oter ega proceeng ase upon ts nenture o o r g g , n
reon to judgment and execution, for the recovery of the whole ol said principal debt, or so much thereof as shall then

'
ge n e x c o n , o e eve o woe o a

remain unpaid, and all interest due thereon, together with an atlornoy's commission
indebtedness or Two Hundred Dollars, whichever is the larger amount, besides cost!

for collection, vix: Five per cent, of the
of suit, without further stay, any law,

in tiff Euent that there is more than one party named herein aa Mortgagor or Mortgagee, thc word "Mortgagor" or
"Mortgagee" wheicver occurring herein shall mean the plural. The masculine herein-shalt refer to and include the feminine
as well as the corporate gender. The Obligation, responsibility and liability of each and every parly hereto, and also the
authority and powers conferred herein, shall be joint and several and shall mure lo the benefit of and bind each and every
party heteto and his, her, its and their, and each of their respective heirs, executors, administrators, successors and assigns.

1st IBittt*u Vtirrrof, the said Mortgagor to these presents has caused this Indenture to be executed under seal thc
day and year first above written. •———————-———-—————————————"———————— '————————— ——— ——————

*,«"!m "."?.**""'"1' \ GRANITE KNITTING MILLS, INC.

By: \r& \ oVv... . $. Of of-mm-ir-" •.________
President

Attest: KlvKn-n.i £.
i|i , Secretary Q.
:i| (CORPORATE SEAL)
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